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EMBRYOI.OGY- 

CHAPTER I 

THE CELL AND THE INDIVIDUAL 

What is Eqib^yolojJiy, and what is its bignificance or 
interest to ordinary educaUsl man and woman ? 
Th^ answer ||^ the question is the jubtitication for the 
apnea^^ce djtthc following l)ago^t^ anrl one may regard 
it 9lll|fk)mewliat striking fact, that in the production 
of a series of works of wJiich tins volume is one, those 
responsible for the su})jccts sh(»uld have deemed it 
advisable to include Km bryology. 

Embryology may be detined as that part of the 
science of Biology which deals with the formation of 
a new individual or embryo. 'L'ho definition itself ought 
to be sufficient to explain the signitioanoo of the sub¬ 
ject for every one, boeax-*^ one can hardly conceive 
of any more profoundly^ imjiortant knowdedgo than 
that which tells of the mode of origin, manner of growth, 
and ultimate birth of an rntiroly new being. In the 
absence of such accurate knowk'dgo it is quite obvious 
that all one’s ideas com cming the maimer in which 
tile new individual is to be trcated must have a more 
or less haphaz.ird. or at least emx)irical, basis. In fact 
only when Embryology, or the science of the develop- 
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ment of the embryo, becomes a part of the oidinaiy 
everyday menial equipment of those who are responsible 
for bringing into the world new individuals, and sub¬ 
sequently protecting and handing them, will it be 
reasonable to expect that these new individuals will be 
dealt with in llio best possible manner. In a Word, 
it is evident that education, using that term in the 
very widest possible sense, can never be anything 
more tluui a })lind gro])ing in the dark until those 
into whose hands it is entrusted realise and know at 
least the most important fundamental facts concerning 
development. It is the lack of this kind of knowledge 
that has been responsible for so much of the mis¬ 
taken systems of the past in dealing with the young, 
and it is the spread of this knowledge that alone is 
the hope of better things in the future. Wherever 
knowledge is absent superstition is rife, and In no 
sphere of life is this more painfully obvious than in 
connection with the subject which we are about to 
study. It would have been entirely impossible ,for 
many of the stupid and even cruel methods of mental 
and physical treatment that have been meted out 
to the young children in Die past to have been tolerated 
lor a moment had this knctwlcdgo been available and 
sufficiently widi'spread. Ft * those possessing it, a 
flood of light is thrown upon the fascinating and other¬ 
wise obscure problems of lieiedity; and thus it lays 
open the pages of the past f(T those who care toie^ 
them. For those possessing it also it throws upon the 
mental screen pictures of possibilities in the future for 
all those who have e3'es to sec. So the study of Embiy-^ 
ology links up the past with the present and joins thd 
present with the future. Is it not therefore obvious that 
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the study of suoh a subject has an importance that it 
is impossible to exaggerate, presenting as it does prob¬ 
lems that the parent, the teacher, the social reformer, 
the politician, and the uJiilanthropist will grapple with in 
vain unless they call in science to the’, nd i Such is 
tlie meaning and siguifioance of the subject of our 
study. * 

In the widest sense of the word Embryology, there¬ 
fore, deals with all manner of living things bo they 
plant nr animal. But since our imrposo here is to 
state, as far as possible in the space at our disposal, 
the facts which are of particular inijK)rtanco in relation 
to the human subject, wo shall only glanco at the rest 
of living creatures. A bnef look at them, however, is 
quite necessary in order to appreciate what follows. 
Let US be quite clear of what w^ are in search. We 
wont to know as far as possible •what it is that goes 
to the making of a man. What is the origin of the 
neiy individual ? Where does the embiyo come from ? 
What elements are concerned in its formation ? Where 
do these elements come from ? How are they sub¬ 
sequently built up Into the tyiK3 of the species to which 
they belong ? hVom what source do they gain their 
nourishment ? What influences of a degenerative 
nature are likely to ahect them ? Those are the 
questions which it is the business of the Embryologist 
to answer, and these are the questions the answers to 
whi&h affoixi the explanation of man in the making. 
Surely they merely require to be stated that their 
significance may bo appreciated. 

may now glance very briefly at the simplest 
faets which bear upon the subject, and which must 
pfsoedo our detailed study. The necessity for lepro- 
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duction and dovelopment is involved in the universal 
fact of death. In all except the very simplest forms 
of Vie—thoKO consisting of one simple mass of proto¬ 
plasm—^tho individual sooner or later perishes, and if 
it were not that there were some methods by means 
of which the individuals could give rise to new indivi¬ 
duals obviously the sj)ccics would come to an end. 
No matter to what great ago an individual animal 
may live, and there are some such as the tortoises 
which do live for centuries, Si)oncr or later death over¬ 
takes‘them, and in all, investigation of their structure 
shows that nature has made provision for the carrying 
on of the race by means of new individuals. 

Ever}’ living creature, be that creature simple or 
complicated, animal or vegetable, man or a jellyfish, 
starts life as one single ceil. The very simplest living 
individuals never consirt of anything else but one 
single cell, and it is m these primitive forms of life 
alone that what we call death can not bo said to ocour. 
Such a simj>le cell, after living for a certain period, 
simply divides itself into two halves, each of which 
gradually as^mues tlio size and shape of what we may 
tenn the par<*nt cell. The first individual has simply 
become tw'o st earate individuals. These two in thek 
turn after another period of indo|X}ndent existence, 
again eaeli divide, thus givhig rise to four, and so on. 
Now hero, although tho origuial parent cell no longer 
exists as a cell, the actual material of which it«was 
composed still exists in the cells which came into 
existence as tho result of this division. The oiiginal 
cell, therefore, may be literally said to have been 
deathless, or immortal, though not everlasting. Thia 
is a prv>fi^und thought, and one wliich must be grasped 
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at the very commencement of our study of develop¬ 
ment, because it is one to which wo shall have to recur 
again and again when Ave come to study tho cells which 
give rise to human lyings, in whom, too, there is a 
deathless continuity of cell protoplas. •, or germ-plasm 
as it is then called. It is upon this fact that tho whole 
science of Embryology de])onds. * 

The important idea to be loanied from observing 
this process of reproduction in the single-cclVd animal 
is this * +hat there is nothing hero w hich wo may term 
the body of an animal as opposed to any of its* parts. 
The one cell is both body and organs, and everything 
else; in itself it ha« the capacity of performing all the 
funotions necessary for life, im luding that of repro¬ 
duction for tho perpetuation of ^he si)eoic8. No part 
of the cell is sot on one side for anv special purpose 
such as happens in tho bodies of higher animals. There 
are no special oloments which go to tho producing of 
the next generation, none of tho colls which in a 
mammal, for example, wo call “g(‘rm-cells.” The 
whole individual Ls one coll. In fact one might almost 
say that there is no individual, but only race, or if 
we regard the cell as an individual then it is all germ- 
plasm. That is tho important fact to bo learned in 
the reproduction of single cells. 

There are some single cells, such as those of the 
yeast, which reproduce in a slightly difTei*ont manner, 
nafhely, by budding off a portion of themselves and 
filially becoming separat(3, and this might be regarded 
as a slightly higher atago, in so far as tho original cell 
from which the bud came may lie still identified; but 
in reality the psocess differs very little from that first 
desoribe^ 
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Hien we may note that very low in the ecale of 
living things there is a process of reproduction known 
as conjugation, in which, although the cells of the 
species appear to be all alike, ,yct, nevertheless, two 
of them join together for purposes of reproduction. 
In other words we have hero a process of cell-union 
before wef’ have the cell-division wliich follows. It is 
important to note at this stage that the creatures 
which wo have mentioned, and even some more highly 
organised, such as an amoeba, wliich has a nnoleus, 
go through these simple or complicated reproductive 
processes in the total absence of anything which cotild 
suggest a distinction of sex. In thcbo cases the indivi¬ 
duals are obviously all of one sex, and, therefore, the 
distinction of sexes into male and female is evidently 
something which ha^ been added later in the scheme 
of evolution, not for aKo purpose of reproduction itself, 
but for something winch is to be added to that. 

Then in the slightly higher animals and plants we 
come to those In which many cells go to the making 
of the inrlividual, the multicellular individuals, and 
amongst these we very soon see the origin of what 
IS termed specialisation of function. That is to say, 
in these higher creatures which consist of many numbem 
of cells arranged so as to form one individual, certain 
cells are set apart for one purpose and others lor 
another. Some may be for (hgestion, some lor pur¬ 
poses of movement, and otheis for reproduction. Here 
we have a new phenomenon, namely, the setting aside 
of certain cells in a multicellular individual wiiio|ii 
from the very beginning are capable of one function 
alone, namely, reproducing the species. Hie higher 
one gccc« in the scale of life the more striking and 
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obvions this foot becomes, and as we shall see when we 
come to the vertebrate kingdom, this setting aside of 
the cells which are to produce tho individuals of «the 
next generation is the^key to the solution of the most 
difficult of our problems, 

these highest forms of life, however, tho cell 
itself is becoming a much more complicated thing 
than that lowly form which we first noted as dividing 
into two to form two new individuals. Indeed, the 
cells in the highest animals and plants are immensely 
complicated in their structures and functions^ and 
especially in comiection with the changes which take 
place in the nucleus of such cells. Not only the 
nucleus but another small object within tho cell which 
is neither part of the nucleus nor part of tho cell proto¬ 
plasm, al^ is very important, ifnd this structure is 
termed tho “ centrosome.” In fact this little body 
apparently begins tho whole process of coU-division by 
itself dividing into two parts. Then the nucleus follows 
suit, and ultimately the whole cell divides. The 
nucleus itself is a complicated structure, as is especi¬ 
ally seen during the processes of division, in which 
it breaks itself up into a number of thread-like portions, 
and the number of these is always the same in any 
given species, a fact which is of great importance in 
r^tdduction. Why do we mention these apparently 
diy detaik ? Because in these minute and compli- 
01^^ nuclear movements the whole problems which 
are at the bottom of development and heredity lie, 
TbiO problems of life itself can only be solved by the 
study of what takes place in these minute portions 
pf oelk. It is here that the new formation of an 
Individual begins, and although it is no part of our 
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purpose here to detail all the complioated processes 
of nuclear division, it is essential, in order to grasp the 
melting of our subject, that we should realise that in 
the changes within the ccU life with its variations 
begins. 

The study of those wonderful cell pnjcesses, a* woife 
which donands the most patient investigation and 
high technical skill, has reached such a stage that it 
is a science of its own, and is called the science of 
“Cytology,** or the science of colls, 'which has been 
made i.possi})lo only in comparatively recent years by 
the invention of riiicrosco]X"s having groat powers of 
magnification, and by the application of elaborate 
methods of staining U) the cells th* msclves. 

Wc can say no more about theso processes here, 
but the foregoing p<-ragrarhs may perhaps be suffi¬ 
cient to show us lio)(V important it is to grasp these 
simple facts of cell life in their bearing upon develop¬ 
ment itself. 
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PROBLEMS OF BKPROnUCTTON 


Wb have soon that in the higher typt\s of animals and 
plants tho single individual is made up of not oAo but 
millions and millions of reils united togotlicr for tho 
common pur]iose of tlio indi\idual life, and that in 
such complicated individualities some eclls perform one 
function while others perform others. A human indivi¬ 
dual from this po«nt of ^ie\v, thcrt'foro. is an organised 
community of cells all of which,. huv\ever, sprang, in 
the first place, from one siiigh* ceil. That original single 
cell is termed, in animal Kmhr^ology, tho “fertilised 
ovum.** It is jKipularly six^keii of frequently as “ the 
egg.** All the other millions of cells are the direct 
descendants of this ^'"rtilised omim, or egg, even though 
' )any of them eventually become extremely unlike the 
D^riginal coU. In singlo-ccllcd animals the offspring of 
j; original cell remain like tho })arcnt cell, but in tho 
^^hly complicated creatures the othspring spUt up into 
l^^reat many ly|x*s of cells, owing to tho very fact 
aatw all remain adlicr»*nt tcigcthcr to form the mass 
tho body in order to carry out dillercnt functions, 
lo we find cells of one ty^xi in glands, of another typo 
fin the brain, of another ty^ie in bones, of another 
type in blood, and so forth. Nevertheless all of them 

sprang from one original single cell. None of these 

16 
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Gfpecialised types of cells» however, are capable of per*j 
forming any other function than their own. A bone-* 
cell cannot receive an impression, nor originate an 
idea, any more than a brain-ccll can secrete bile. Each 
kind of cell has its own appointed duty. The most 
important duty that can posfdbly be allotted to any 
cell is obviously that of reproducing the individual 
for the pur^&e of continuing the race or sj^ies. 
we find in higher animals that this function, like others 
is relegated to a special set of ceHs also derived iron] 
the original single cell, and vhich are called **thf 
germ-cells.” 

Leaving out of consideration tho question of repro 
duction in lower types of animals wo may considei 
the nature and origin of thohc cells in highest vertc* 
brates, such as the’'inaminalb, including man. Germ- 
cells, which are dcriv^id from the tissues of a female 
animal, are termed ‘"ova.” Those which are derived 
from the tissues of a male animal are termed “ sperms.” 
Notice that it is not theso germ-cells themselves ^ 
which the terms male and female, indicative of tH 
two sexes, are applied, but only to the individual 
They are male and female; the germ-cells are,^ 
neither sex. I’rue tho gcrm-cclls from the male, W 
the sperms, differ in appearance when seen under^ 
microscope from those of the female, but there ia | 
reason to believe that there is any diilerenoe betw^ 
them in their capacity, for example, of transmitti^ 
the characters of ancestors to succeeding generations. i 

At a certain stage in the life history of the 
individual and after undergoing certain change^ which 
need not be considered here, these geim-ceOf^, both 
sperms and ova, have reached such a stage of matuiity 
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^as to ))e capable of carrying on their sole function, 
namely, that of reproducing the species. The actual 
age in human beings, for example, at which «this 
maturity is reached varies very much in different 
races, and in different individuals of tL .wno race. 

*When reproduction is about to occur a union must 
, take place between a germ-cell from a male body with 
^ germ-cell from a female body ; that is tu say, a union 
must take place betTveen a sperm and an This 

union takes place within the body of the female indivi¬ 
dual ana results m the fusion of the tw'o cells into one 
single cell, which is now termed a fertilised ovum. 
This fertilised ovum, in virtue of this process of union, 
is now able under suitable conditions of nutrition and 
shelter, such as it obtains within the female organs of 
reproduction, to divide and redivide again and again, 
thus building up a new mass of cells as the result of 
its division. The millions of cells so produced include, 
as we have already seen, cells which have all the various 
'•functions which are necessary for the continuation of 
the life of a human individual; that is to say, that as 
jthe result of this division of the fertilised ovum there 
are produced first of all germ-cells to secure the still 
further continuance of the race, and then multitudes 
(Ol all the other kinds of cells w'hich gradually assume 
^6 shape of an embryo or young in^lividual, and 
'Ultimately grow into a human being. 

Ih all the highly complicated animals fertilisation by 
union of germ-cells from male and female must pre¬ 
cede reproduction. The result eventually is this multi- 
e^ular individual composed of a number of different 
kinds of cells each set apart for its owni work. Bui 
it is well to recognise that we may regard all these 

B 
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cells as really of two kinds, namely, the germ-ceUs ancl 
the others. That is to say, two kinds of cells are 
produced as the result of fertilisation, namely, cells 
whose business it ultimately wiU be to again take part 
in a similar process of fertilisation, and so perpetuate 
the species, and all the other cells which go to &e 
forming Of the various body tissues of the individual 
itself. In this way we get a simple classification of tlie) 
cells which fonn, for example, a human being, namely, 
germ-cells and body-cells, the latter often being termed! 
“ sonfatic.” The latter are, of course, in much greater 
abundance than the germ-celLs. They have to form* 
all the various elements, organs, limbs, and structuiea 
known and described by the anatomist. The germ- 
cells are a separate Ijtile groap of theinstdves embedded 
in the male and fcinalo reproductive organs for the 
sake of nutrition, grc’i’.th, and shelter, for many years, 
until they again take part in the process of fertUisation. 
Note carefully that no other cells in the body ever 
unite together to produce a new individual ezeepi 
germ-cells. ^ 

Somatic cells reproduce by dividing directly. Geimi^ 
cells before they can do this require to bo fertilisec^ 
That is to say, the cell from the male (the sperm) mus 
fuse with tho cell in the female (the ovum). As DtT 
Arehdall Reid graphically states it, ** Only the germa 
are marriageable; and, as have just seen, in thej 
great majority of animals emd plants they observe 
tho degrees of consanguinity very strictly, and do not 
unite except with members of another cell-commonity, 
and then only to found a now colony of cells, an off** 
spring.*’ r 

There are still some further considerations In C60r 
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nection the subjeot of genn-cells and germ-plaBm 
which we must carefully consider before leaving this 
part of our subject, Embryology. Everything depends 
upon a perfectly clear understanding at this stage. 
The facts themselves that have to bo ’"•d u.Ia' ihI in this 
connection are comparatively fow and simple. No 
fairly educated person should have any clifficuity what¬ 
soever in grasping them. Moreover, very fortunately 
they are thoroughly well established and not in dispute. 
But the reasoning which is based upon the^o few and 
elementary facts, reasoning which is applied tt* the 
methods of treatment of the individual which is pro¬ 
duced, may be very complicated and very debatable. 
Various schools of thought and opinioTi exist according 
to the attitude taken towards the facts, some of wliich 
we have mentioned and others of /which wo are about 

to detail. But the facta themselves are not debatable. 

§ ■ 

and we therefore see once more that their importance 
at this stage cannot be exaggerated. 

One or two very simple general propositions bound 
up with the suljcct of Kmbryolog}^ or indivnlual 
development, may bo stated in order to focus attention 
upon the nature of the problem under investigation. 
Thus nobody will be found to question the funda¬ 
mental truth that childi-en resemble their parents. 
That is a commonplace of expcrienco. Similarly no 
one will be found to dispute another fmidamental 
fact^ namely, that children dilTer from their parents. 
This, too, is equally a commonplace of experience. 
If we examine a million human beings we find that 
they all possess certain features in common, certain 
ehajuoteristics in vnrtue of which we ivcogniso them 
to be human beings. Nevertheless it is just as true 
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that a oaieful examination of the same million people 
reveals the true saying that no two of them are exactly 
alike. Here then are two propositions equally true 
within certain limits; namely, that all human beings 
resemble each other, and that u.11 human beings differ 
from each other. Tliero is resemblance; and there 
is variation. These two things are universal because 
of the existence and charaeterisiics of germ-cells. We 
may look at tliis a little clo'*er. 

Every bi)ecies of animal in the process of repio- 
ductipn brings forth otTspring bimilar to itself. This 
is exprohbcd in the familiar proverb that “like pro¬ 
duces like.** One docs not expect grapes from thorns, 
nor is it possible to construct a silk purse out ol a 
sow’s ear. But what is the explanation of this pro¬ 
verbial fact ? The anbwer is of groat importance, 
because although tiu fact itsedf is recognised as a 
general principle in tlu reproduction of a species, It 
is not suilicicntly recognised in the full details of the 
oharactors of that mdi\idual. Too many people are 
still apt to expect to bo able t^) produce grapes when 
the plant is a thorn, and it is unfortunately all too 
common to make heroic but quite futile attempts to 
construct human silk purbcs out of human sows* ears 
—so to speak - simply because of the ignorance' of 
the material whi<‘h is being used. The most th^t oan 
be done is te give such material as is present the very 
best opportunity of attaining its o>vn utmost pej^M* 
tion; and this, by the way, is vastly more tlw has 
ever been done for any considerable number of t^ 
human race. 

But why tills continuity of species ? Why slioUldi 
like alway.s produce hko ? The answer has hew soi^t 
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by biologists ever since problems of life attracted man’s 
ooiiosity. All sorts of weird and fantastic theories 
hav6 been put forward at different times to account 
for this simple fact, but it is only in comparatively 
recent years that the real explanation lA.t^n forth¬ 
coming. It is ixjrfeotly obvious that in order to scctiio 
this continuity of racial resemblance there must bo 
something physical c»r material which is ai'tually con- 
tinuous from generation to generation to account for 
it The : n:mortal llarwin this very clearly, and 

deiroted much thought in the endeavour to find some 
e^l^planation of this very problem. The result was Ms 
theory of Pangcne&is which, iiigenic^iis as it was, was 
ultimately shown to have no basis on fact. In his 
efibrt to account for the fact that children resemble 
their parents even in such minute nletails as the shape 
of the nose, the colour of the 03 es, and so forth, ho 
formulated the idea that the i)arents themsolvoa prob¬ 
ably C/Ontributed multitudes of minute particles from 
thejr own tissues to form tho ceils of their offspring. 
He supposed, for example, that particles or gommulos 
from the eyes, nose, hair, and so forth, of the parent, 
or parents, in some way or other were fused together 
and gave rise to the cells which ultimately produced 
an embiyo. Hence ho thought the explanation of the 
resemblance between parents and children. This was 
his solution to the question of tho physical continuity 
bet^reen successive generations. It may be remarked 
In passing that it is with something of patlios that one 
roads in Darwin’s own w'orks Ms own evident opinion 
this theory of Pangenesis was a great discovery. 
One- gathers almost that he Mmself regarded it-ns of 
l^mater importance than Ms work on natural selection. 
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In the course of time, however, the real actual basis 
of physical continuity was shown to be something 
quite different, and looking back now upon the history 
the discoveries in this connection during the last 
generation one con easily imagine what speculations 
there must have been in the absence of the facts which 
are now^known to einbryologiats. 
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PROBLEMS OF REPRODUCTION (CKmtUUVed) 

The nnA outstanding discovery which h*t.s placed the 
soienoe of Embryology on an absulut<*ly hnu* basis, 
and which has mad (5 clear so many of the facts, which 
were previously puzzling, is this : that the germ-cells 
which give rise to nno iiiUividiiaiS arc themselves pro¬ 
duced from pre-fjcisting germ-cell The entire embryo, 
or young infant, is derived from.*onc sijigle cell which 
we have called the fertilised ovum, luid that in its 
turn was derived from Iho luiion of twi> gi'rm-colls, 
one from the male parent, and one from the female. 
These two cells in their turn wi‘re aNo derived in a 
straight lino of descent from the fertiliscil ovum from 
which each paioiit sj^rang. In other words there has 
never been any conjugation between one fertilised ovum 
and another in spitc' of the generations of cells which 
have been produced between them. Put in another 
way the body, or somatio cells, contribute absolutely 
nothing to the original Tuatorial or germ-plasm of wliioh 
tha germ-cells are composed. "Hioy do not produce 
them in any sense of the word whatsoever, despite the 
popular opinion to the contrary. This is the great 
’discovery of modem Embryology. Until this was 
Icnown it was assumed that parents did produce the 
ceils from which their children sprang, aiid hence— 



S4' 

it was thought—the resemblance between them, The 
fact is quite otherwise. No parent ever produces a 
germ-^el], and tho reason why children resemble parents 
and[ ancestors is because the germ-cells which giv* Kse 
to individuals in successive geiicrations are produced 
from the gerni-cclls of the i^revious generation. The 
line of dejacent or inheritance, therefore, is from germ* 
cell to germ-cell, and not from parents. Unless the 
reader makes himself absolutely familiar with the 
thought cxpios'^‘d in these facts ho will never under¬ 
stand, tho W'ienco of Einbrjailogy. 

Dr. Archdall Ueid expresses this tru^h in the follow¬ 
ing words. “ Tho somatic cells of tho parent, there¬ 
fore, as far as wo know, contiilvato no living elements 
to the child; they merely punido temporary shelter 
and nutriment. I'h^ child, therefore, does not, as is 
popularly supposed, ivseniblo his parent because his 
several parts are clorived from similar parts of the 
parent—his hi.i l from hi3 parent's head, his hands 
from his parent's hands, and so forth; he resembles 
him only bcciUise the germ-plasm which direoted lus 
development m'os a split-off portion of the germ-plasm 
which direr ted the development of the parent. IDie 
egg produces tiio hnU, but tho fowl as a whole does 
not produce the egg—only ono cell from the fowl, the 
fertilised ovum, produces it.*’ 

This is a starthng thought, but it is one which a 
moment’s careful cousidcratioa will show is the only 
oonceivablo explanation of all tho facts of phy^c^ 
continuity. Onco it is grasped a Hood of light is thrown 
upon the vhole science of Embryology. The indivi*,' 
dual is seen to bo literally a “ chip of the old block,'* 
and tho '* old block ” means the whole sequenoe of* 
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tho rest are gorm^cells, which subsequently 
form tho eggs and sperms of the new in¬ 
dividual, i.e. they aro the germ*oclls of the 
next generation. They eannot develop in¬ 
dependently, but when they unite with the 
egg or sperm of another individual, a new 
fcniliboj ovum is formed and the cycle 
begins .igain. 


Piagiam to ahow the origin of germ-oalla and the embryo. 
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germ-cells which has preceded his formation. In the 
light of this fact it is obvious why like produces like; 
indeed, it is obvious that it must do so. Further, wo 
now understand at oiico that since one generation of 
germ cells directly produces those of the next, there 
is no reason in the Avorld why an individual should 
not more*ncaily resoniMe a remote ancestor than his 
own immediate parents. As a simple matter of fact 
this fr<»([uently h«ipj3enH. lie does so because the 
germ-cell from \\hich lu' sprang is composed of proto¬ 
plasm^'handed do\Mi in direit continuity by successive 
generations of germ-cells from time immemorial. In 
fact the piohlcin in the liglit of tins evidence is not 
80 much— as it always seems to the writer—to under¬ 
stand why children lescmlile parents and ancestors, as 
to understand how it i.- that they do not resemble 
them more. 

There is no dilUr ulty now^ in explaining the funda¬ 
mental pr(»po-it'ons with which we startc*d, namely, 
that children resemble th<‘ir ])aiont>. There is no diffi¬ 
culty in lliC nnd(‘i-.tanding why a child I’esembles not 
rinly its immediate parents, but even its ancestors. 
There is c\i‘n no diflieiilly in midcTstanding why a 
child should n -.einblo its ancestors, oven though it 
docs not K'seml^lt^ its parent(hven tlio simple truth 
that the germ-plu>m is continuous from one generation 
to luiothi^r, all theso things 1 h\ i;mo os clear as daylight* 

But wo also start with ano her general propositann, 
namely, tliat children differ from their parents, and 
it is this question of the variation in offspring which' 
must now' claim our attention for a moment. By this 
term we mean to convey the fact that although every 
child has a real resemblance to its parents or tts 



PROBLEMS OP REPRODUCTION , 27 

anoestotB» it inevitably and invariably shows clifEer- 
enoes even if those bo more minuto than the resem¬ 
blances. In other words tho offspring oi a human 
being, though obviously and necessarily, from the 
continuity of gorm-jyfasni, it must L * UrJlAO { lu r human 
being, is never exactly similar to any other. Now 
these variations are many of them pr<'‘c<*nt from the 
very beginning, they take their origin in tho germ-plasm 
of the two germ-celLs uhich form tho fertilised ovum. 
Hiey are, that is to say, many of them germinal in 
origin. These must be carefully distinguished from 
such characteristics as are aftt^nvards acquired by the 
child as tho result of its adaptation to tho environ¬ 
ment in which it passes iU existence. 

It would bo beyond tho sccqx? of the present work 
to enter into all tho various thoilrios which have been 
put forward to account for tho fact of variation. It 
will be sufficient for our purpose h.ein if the reader 
remembers that it is a uni verbal tendency in all living 
protoplasm to exhibit variations. It is just as universal 
as is its continuity of hkenoss. Mon'over, in dealing 
with the highest animals in which tho feitilised ovum, 
from which tho embryo springs, is produced by the 
union of gcrm-cells from male and female, one may 
readily understand that tho different linos of descent 
of the male and female germ-cells may well be respon¬ 
sible for tho differences exhibited in the offspring. 
Obviously the fertilised ovum, if it has to give rise 
to a normal individual, cannot retain all the charao 
UrisUcs which were possibly existent in both the male 
germ-cells and the female germ-cells. Some of them 
must be suppressed or got rid of, otherwise there would 
be too many characters in the resulting offspring. 
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And, as a matter of fact, such a reduction doefii actually 
take place in the physical tissue comprising the ferti^ 
lisedi-ooU, and it is probably at this stage that varia* 
tions take thoir origin. 

Thus, for example, It is quite impossible that two 
opposing characteristics can both bo represented iA 
the fertilised uvnm. One of them must bo suppressed 
or thrown out or got rid of in some way or another. 
For example, the union of the male element and the 
female clement will give rise to an emliryo which may 
be ovbntually cither a male or a female individuid, 
but cannot be both. There were possibilities of it 
being either the one or the other at the beginning, 
but since the two possibilities arj mutually antagonistio, 
one or the other must be rliminated. So again, sup¬ 
posing that the coloui^ ot iho eyes on the one side were 
brown, and on the other side blue, the possibiliticji 
are that the for<ili«td ovum may give rise to an indivi¬ 
dual having either blue eyes or brown eyes, but, again^ 
not both. 

A variation in offspring then may be regarded as a 
difference between that offspring and the pareutSi 
which is duo to some change in the germ'plasm, some 
difference, that ’s, botw'cen the germ-plasm from whiol^^ 
the parent sprang and that fn^m which the next gena- 
ratlon arose. Such differences will, of course, be intro¬ 
duced at the time of fertihsalion. It is important to 
keep clearly in mind the difference between a tltVie 
variation, in the sense that we have just used the tenu» 
and a modification which is caused by the varying 
effects of influences affecting parents and offsprings 
Unless these two things are kept mentally distinuV 
much confusion of thought is apt to arise. 
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The above statement does not necessarily mean that 
the germ-plasm carried in the sperms and the ova 
lespeotively, cannot be affected in any way. Indeed 
one is forced to the conclusion that such v^rm-cells 
most be influenced the nutrient iiUiOd supplied to 
them, and by the existence of toxic or poisonous sub¬ 
stances in the body of the parent. It is con¬ 

ceivable, and indeed inevitable, that the individual 
embryo resulting from the fubion of such poisoned 
g©nn-'''"!lc will show modifications, but those, however, 
are not to bo regarded in any sense as Inio variations, 
for the simplo reason that these ino(hticationa do not 
take their origin in tho actual gortn-plasm itself, but 
axe simply the result of abnormal stimuli. Such modi¬ 
fications, no matter in A^hat djrection they may be, 
are, of course, not transmissible tef tho next generation, 
for the very obvious reason that^tho genu-cells wluch 
are to be concerned with the next generation have been 
already produced. Tho germ-plasm itself passes on 
Onchanged in so far as its hereditary possibilities are 
conoemed. We see, therefore, that in order to think 
otorly on this matter we must limit tho moaning of 
the word variation to such differences or changes in 
germ-plasm which indicates some real change of an 
'Inheritable nature. Tho term should not be used to 
aj^y to a more passing environment, in which the 
genn-plasm happens to be, caused by tho presence of 
^iaona, or similar factors. 

* Qiven then the fact that variations do constantly 
and Inevitably occur in offspring owing to new qualities 
arising in germ-plasm itself, it is obvious that these 
variations are either what are termed spontaneous,*' 
they must be due to the action of the sur- 
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roundings on the germ-plasm. By the term spon¬ 
taneous,” in tins connection, it is not meant that these 
vafialions arise vi'ithout cause or in a haphazard 
manner It ib bimply meant to imply that the present 
state of oiii kno^vled^'e does not justify us in stating 
what doc-5 actiidlly cause the variation in germ-piasm, 
or the liiv in accordance with which such variations 
o( cur That the y mu t ho a matter of cause and effect 
anci law c\(iv biologist bLlic\cs, but until the law 
can Ik d( monsfi itcd tlie Urm ‘ spontaneous” may 
Will bo icliiiKd to distinguish these vanations from 
those whah aiisc by the obviou'* action of environ¬ 
ment 1 oi (\am}>h the \ariati ins which occur as the 
icsults of rejirodiK tioii fiom t^vo paicnts do so because 
of the mingling uf th< k piftivo gcim r 11s, and such 
vaiidtions (OHIO uruki the gioup of “spontaneous”; 
whcicas changes inliud on an unnt of the food sup¬ 
plied ui ] < i on ms sut stances in fluids surrounding 
germ c( II an not spontaneous but cmiionmental. 

A point ol great intcnst to the embryologists is 
the qur^tion wlicthcr the diikidwts of detail which 
exist b(tw<fu children and thtii paicnts are of the 
nature of sp* ntaiicoiis variiiions, taking their origin 
in the gcim j tasm itself «r mcio modifications pro- 
dii* tel b} the a tioii of the iiiviionment of the embryo* 
I Hither should both thi sc f ictors play a part in pro¬ 
ducing tlic 0 dilkrcnccs, win h la of gieater importance, 
and m what jiiopoiiion ^ Hus question is elabor&ted 
in groat detail b^ Dr Arthdall Kcid, in his work, THa 
L awb of Jhreditij, wliitli ought to be read by every 
intclhgcnt citi/cn and parent who is interested in the 
wellaro of the >ouiig In the main m this subjeot 
we follow the ideas so ably put forward by him. ]Se 
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points out that the oifspring of the same parents always 
differ not only from the parents, but among them¬ 
selves, even if they bo twins, and amongst the lower 
animals every member of a littx'r of dog^, •" pigs, or 
kittens, shows differemes in size, Loiour, activities, 
temperament, and characteristics. An' tho>o differ¬ 
ences due to the action of environment on the embryo 
or do they take their origin in the germ-cells from 
which the individuals came ? Inasmuch tvo a litter 
of pi’ppLs is subjected to precisely the same environ¬ 
ment during the whole time of development,* it is 
perfectly obvious that ‘5uch differences as they exhibit 
at the time of birth must liavo lx?cn giTminal, an 
identical enviroimicnt could not by any stretch of the 
imagination bo held responsible for producing varia¬ 
tions. They, therefore, munt bef of the spontaneous 
variety. Of course it may be argped that even during 
development the environment of each embryo w'ithin 
the mother is not identical, but if will bo a gross abuse 
of such argument to therefore conclude tliat such 
minute differences of surroundings could account for 
one puppy being big and black, and another one small 
and brown in the same litter; or that one should 
resemble one parent, another the other, and a third 
a remote ancestor. It is, therefore, clear that mum 
at least of the variations in offspring are germinal or 
i^ntaneous in origin, and not m any way duo to iho 
envkonmenu of the embryo. 

T3ie question remains whether all variations are due 
to this cause or w'hether some may bo tra(‘ed to environ¬ 
mental factors. One of the be^t lines of argument 
and investigation on this point is that of the bactcri- 
oioi^t, because microbes with which he is concerned 
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may be regarded as equivalent in this matter to germ* 
cells, all microbes being unicellular. The problems of 
the® germ-ooU, and its heredity, therefore, are veiy 
similar in both cases. Tried by this test we may adc 
whether the changes produced in these unicellular 
organisms by the action of ilieir environment are, br 
are not, mhorited as variations. No one double for 
a single moment that a microbe as veil as a genu* 
cell may lx? changed, or injured, or injpro\ed, according 
to its evil ‘‘pccial environment. What is in dispute 
is whether that change remains fixed in the succeediilg 
generations to which iheso umccllular cells give rise. 
It is precisely hero that tlio bactenologist can offer 
evidence of a most important character. He will teU 
us that it is (j[Uite ensy to change many of the oharao- 
teriatics of a microbe by altering its environment, 
vhich is undoiditedly true, but the fuither statement 
that they <'hango bv-cau c their germ-plasm is affected 
directly by the euvironni^'nt is not necessarily true. 
These orgamsMs and germ-cells are composed of proto¬ 
plasm vhoso ultimate constitution permits of thmr 
varying spontaneously. These vanations are obviously 
to enable them to adapt themselves to the tissues ^ 
the animal in which they are living, and these varia* 
tions also, or mochficatioiib os they really are, are 
usually lost when that environment is no longer 
existent. In other words they proceed no further 
than to allow the microbe t< exist in a new environ¬ 
ment. Tins seems to point undoubtedly to the laet 
that they are causeni by beloction of true voiiatioiia* 
In other words what is ultimately produced is a O0U^ 
dition of the germ-cell in which it becomes very h^^^ 
resistant to any influence immediately exerted it 
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by the environment, and so continues to live in suc- 
coBsive generations "lAithout any fuHlier modification. 
The conclusion, tlM'rcforo, is, in Dr. Deid’s wwds, 
“that the germ j'la^m is botli spout.iiR'ousl^ variable 
and highly resistant iu llic dinvl ai’tu; T inc tiiviron- 
ment. Tu other \\or(U wo nuisi l)olitM'‘ that in any 
species that is not iuid('r<^oiiu» o^imctiuii sjlontancoiis 
variations greatly’’ ijn'j/ondtMato o\or flio^o Ashich are 
caused by the diroet action of Iho t n\iroiimo?i».‘* 

This enality (<f sni'^Io rolls, llial i. 1o say of the 
germ-plasni of all sj)eci<s whuh eontmuo lo o\*st, in 
virtue of which it n'si,t'» v<‘iy '-fton^lv any ollorts to 
ohango it, is a vory hnixalant mat lor to gni ]j With¬ 
out it it is qnilo oI)\ ions tli.il no ptn ils could maintain 
its characteristic foatuHN for hma Imgtli of lime. Wcie 
it not for this lO'^i^tant ])owor ’goim pla-'in w<miI<1 bo 
easily destr() 3 "cd or oontmuaJIy ;uid uadily thanged. 
The descendants from such continually cliani^ing genn- 
plasm w'ould thomsolvos bo i»f such ininnto \ariety 
tiiat there would be no {-nch thing a^ a dclnnlc species, 
SO that there is no doubt whalever that g(Min plasm 
has become, i>robahiy liy the aclimi of natural selection, 
©xtremoly rosi.stant to all intluciKcs (^f an environ¬ 
mental cliarac'tor. 

That does not mean, of course, lliat genn-plasm 
' Caunot be damaged, or wcalscned, or ohanged in its 
tendencies. It floras mean Uiat wlien it is so changed 
it Is principally as the result, of injury, which may bo 
indeed so severe as fo destroy Ur' gc'rm plasm itself, 
tt would seem as if tiic inherited tendoneios of germ- 
ceils were so intiinati'ly boiuwl u]) in tlie constitution 
of those cells as to be almost a matter of Iitc and death 
thu cells. If they be so interfered with os to be 
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destroyed it is hardly possible for the cell itself to eon* 
tinue to exist. One of the most interesilng examples of 
this*resistanco of gcmi-cella to their environment is, in 
connection with some human diseases which have existed 
from time immemorial, disc'oses the descriptions of which 
are to be found given quite accurately in the most 
ancient dot-uments, but in spite of the fact that human 
germ-cclls have been subject to the hostile surroundings 
which such human diseases involve they themselves 
have not changed to any great extent. That is to say 
they still proilnce a tjqx' of ombrj^o and offspring prac¬ 
tically identical with that that alw’ays was produced. 
The same tmlh a])piies to the ccHs which make up 
the body of the embryo and tin* individual, as well 
as to tho germ-cells. The body cells, those which 
make up bone, ami Muscle, and gland, and so forth, 
are constanily exposed to all sorts of iiifluciices v^hich 
must tend to damage thorn so far as it is possible for 
the cells to lx* d'lmagcd mkI still li\e. These body- 
cells are sometimes .slar\cd, sometimes poisoned with 
alcohol and dngs, frozen by extremes of temperatuze, 
over-worked by too much jihysical strain, and so on, 
and if it wcie po^si]>le for sueli extomal influences tO 
change tho ty]i(' ot cells of their off‘spring we should 
expect to SCO it here. But it does not occur. The 
internal horcditaiv tendemie'. of these cells are so 
strong, and so intimately bound up with tho life of 
tho cells themselves, that when they divide and pro¬ 
duce others these others are precisely similar to the 
parent cells, in spite of all the unfavourable envitoil- 
ment in which they have been. Slight variations do, 
of course, occur, but these are chiefly of a germinal 
or spontaneous nature, and not due to the environmeat» 
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This thought gives us somo vague ajid imporfeot 
idea of how immoiiflely complex the constitution of 
gcrm-plnsm must bo. This germ-plasm is very often 
subjected to all sorts of unfavourable conditions, ospeci- 
ally those of alcohol aAd toxins, and i/udiiions 

ha^ been acting upon it more or less for an immense 
number of generations, and yet the resistance to modi¬ 
fication at the bands of these internal factors is so 
groat that all the processes which follow unon the 
fertilisation of the ovum, all the thousand complica¬ 
tions which thereafter on mo in llie building up of* the 
young embryo are hardl}?^ ever inU*rfcrod with. When 
they are marke<lly mterfereil with such interference 
generally involves the death of the « mbryo. 

The conclusion arrived at on tins hubjeot by T)r. 
Arohdall Reid, after a very caw^^ful and oxtemsive 
inquiry into all the evidonoo Irom many points of view, 
is stated by him os follows : “ Thoiigh variations may 
result from the direct action of the environment, such 
variations are, in eflect, alw'ays injuries, and are of 
rare ocourronco in individuals who survive and have 
offspring. Adaptatifu (i.e, evolution) deijends almost 
exclusively on spontaneous variations. 'Phoso do not 
imply damage to the germ-plasm, but are products of 
its vital activity. Occurring in vast abundaneo all 
round the specific and parental moans, they supply 
the sole maierial for Natural Scloetton. 

“We conceive the germ-plasm, then, as living and 
active, closely adjusUnl to its environment, growing, 
dividing, varying, capable of being destroyeil and injured, 
but resisting death and injury, and within limits capable 
of repairing damage and returning to its oi iginal state— 
aa behaving exactly as a living individual does.” 
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Ha\ln(, 111 jircliin'ii.iiV (onsirleration of the 

fiincJ iiiK-ntaJ t.u K iijioii which the tcit^ncc of Embry¬ 
ology U lia^'od (l(‘arc(l the gioiirul as iar as posdible^ 
we ina}^ now siminiaijso, in a l(wv simple statements, 
the poiiil at wliicli we lia\(‘ airivdl in order that we 
iiioy ])roeetd at oiiec* to llie mon‘ detailed study of 
the aetnal developnlpiit of Uu* enil)i\o itself. 

We are in ‘'O.iich of rn ikav a .statement aa possible 
of the oiigm of tla* many and \atied eharactenstics 
wliich go to th(^ loiIllation of a human cnibrj^, and 
hence to tJi(' making of an indiMdiial. llie variation 
in these mans" < liaracti'risties aeiomits for the differ¬ 
ences in nullsidiiahtits. No isso iinlividuals are eaC- 
actly .amilar \shates(T be the standard by which we 
estimate thin. This is tine moially, ethically, and 
phyt'ieallv. In (ath of thw* s])hcres there are to be 
foimd giM)d, hid, and in iiffeient individuals, but 
wlueliever they are it is i^nitt obvious that the result 
has been brought aboni l)> th( inilucnce of all the faetom 
of herciht}" and ciiMToiiment acting upon the capacities'^ 
wliieh were originally iin])laiitcd in the gorm-plas^* 
An individual is the resultant of the play upon 
man’.s-woith tif human material of all forces which 
acted, or aie actmg, upon that kind and amount 
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material. Even tliougli two children of the same 
parents bo brought up under A\hat are to all a])pcar- 
anoes identical cireuinhtaiices, they ditler from tly^ very 
begianing from eaeli otlier and llieir pareril'^. 
isj/rue even of pliydoal clitiiacleiistic^, «ia*i t\tij more 
markedly m menlnl fiatmv-^ 'I’he fact is—and if is 
one which is not Miliicicntl.\ rccognisiul tliaP tlic for¬ 
mation of an iud'vidiial fi'»m an eta hr; o, the making 
of a man, is a biological |ntd)lem fniitltimentally. 

The fK/lluwing are the pnudjial Jaets \vln\h wo have 
at this stage to bear ui mind. • 

All living eivatiues arc iriiid<‘ f>f cc'lls, the ])liysical 
basis of which is ])rob)|)iasm. "riic simplest cjcatiii*es 
Consist of one such mass of piotojilasm ; higher 
Oi^ganisms con of more than ove, and often of mil- 
lionS) in which case they adhe rc tog!*ihcr. t'clU multiply 
by dividing into two, the pio(o|Jaan of Uu* mother- 
oeil giving riso to that of the daughtci icih. A human 
embryo, therefore, whieli i-^ gomg to givr rise to an 
adult individnil is a (*ommimit.\ eoiisi'-tmg of an enor¬ 
mous numlier ot cells, the whole i)f \Uuch have de¬ 
scended from one common aiuestor. a single eill known 
as a fertilised o\um. True, these descendants break 
up into many tvqies of cells in order tliat dilTerent 
functions may he periormed by sjieeial tissues, but 
none of th(se speeial cells can do everything that is 
necessary' for the life of the whole individual; they 
can only ijiay their own special small part. They can 
do nothing tow aids eontniumg the species of the in¬ 
dividual. This duty, like others, is im posed upon 
»d(ne particular group and kind of cells, namely, the 
? l^dCUi'Cclis, which do nothing else in the animal erunoray 
famish the means for the continuity of the race. 
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Although they lie within the tissues of the 
and afterwards of the adult, they take no part in the 
life of that embryo or adult. They undergo oertatn 
ohanges in thombelvos which are to fit them for their 
ultimate destiny and function, but they contribute 
nothing to the output of energy on the part of the in** 
dividual.* When thcho are denvod from a female they 
are termed “ ova ” ; ^hon from a male they are termed 

sperms.’* They themselves are neither male not 
female* they are merely protected and nourished by 
the general mass of cells which conhUtutes the nude 
and female individual. 

When a male germ-cell or sperm unites with a 
female germ-cell or ovum, within the female body, 
fertilisation of the ovum tnkes place, and this gives 
rise to the fertilised goim-ccll from which is to arise 
first the germ-cells or direct descendants of itself* and 
secondly the embryo in which tliebo germ-cells will 
come to he. Tins happens by the repeated and con¬ 
tinued division of the fertilised germ cell, a division 
which oonsLifutcs growth, and which under suitable 
conditions of nounshment and protection and exercise 
will ultimately produce a human being. The great 
mass of the -'clls of this individual, the body or 
somatic colls, take no part whatsoever in giving 
rise to the gcni-cells of the next generation. These 
are produced from the pre-existing germ-cells, and 
from no other source* and it is for this reaacni 
alone that the phenomena of heredity are possilile 
and that one generation is directly continuous Hritb 
its predecessors. In fact heredity may be define^ 
as the relationship which exists between sucoessiVIl 
generations. 



tHE MiVSING OF A HAN '8» 

* 

We therefore see that the embryo, or the individual, 
is formed from one, and one only, of the first products 
of the division of the fertilised gemi-eell, the rest of 
these products forming the other body tishuos. This 
idea of the continuity,of the germ plasm is the greatest 
opntribution of modem eml^ryological reLicareh. It is 
qmtb fundamental, and no clear undcrstandiu" ('f what 
is involved in the making of a man is possible without 
it. It teaches us that the lino of nneestry and heredity 
is from one generation of germ-cells to anothcA, dnectly, 
and iiovur ihiough the individual from the onibryo, 
which, indeed, is a mere hide product in the continued 
chain of events. The imlividual is practically the 
trusteo of the germ-eclls, but not their maker. No 
embryo, and no individual, ever maclo germ coils; 
the latter existed first. The object of the embryo 
is obviously to pnitect and nouiMMi the germ-cells 
which have been placed within it, so that they may 
be available in duo time for the production of further 
geroi'-cclls, and so for the continuity of the race. Hence 
iKis the all-jxirvadiiig truth of natuial selection that 
the interest and survival of the individual is almost 
of p.0 account; that of the species or the race being 
the paramount consideration. 

Once these hicts bo grasped there is no longer any 
difficulty in understanding why the process of repro¬ 
duction in any given species always results in the for- 
lUation of euibiyus which resemble each other in all 
the main characters of their species. It could not be 
otherwise, because they come from portions of idonti- 
Ually similar material, a common genn-plasm. In 
other words, the individual inherits nothing from its 
He merely receives in his turn the material 
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inhojiitance in the germ-plasm which was theio ft 
generation before him. ’f 

In so far as thcio has beoii no g^^rminal varlatioix 
he \ind thc> will be similar Hciue the comm0|3t 
obscivation tint tl ( child itsfmbhs the parent TrCie, 
feo he docs Imt not because lie gets his charaotei;^ 
from them but sim]>ly b(<ausi he and they obtain 
ihcir chsiacioTi lu fiom a eommoii souicc To Many 
this thought Will In piilup^ a new one It is OBft 
of the most intei})tctiiy leli vs which seieueo has giveQ 
us, and in its al)sfnot no leal gi isp of the oiigin of tho 
physical mental and othci ehuaeleis if there beany, 
of tho trnbiM) can be iindeistooil "Jhc piosent writer 
has edsewhen summiiiscd tl is themglit as foUenvs :— 

“Man is conij)e)s(d paitly eif ehnvctcnstics, which 
are denveel fiom pic c\islni/ ge iin cells and over the 
posse'ssioii e)t \*hieh he his no eontiol whatsoever,. 
Be they ge>exl luid e»i iiiehihicnt thesv ehaiactoiistiCs 
an his fiom his aixtstij in virtue of his inheritance* 
The posse ssnn these e haiae liristits is to him ft 
matter ef neilhei blame noi piaise but of neccsoity. 
The y aro nn V U ible ’ 

The cnihivo then which is tei foiiu the individual 
starts its CP reel with a ccitam number of innate ger- 
imiial fhartuteii tic^ which manifest themselves in tl^ 
foim of tenelcm s to glow in this direction or that, 
Duiing the iKiiod of ge static) v a good many of thesft 
tendencies aie well devclopid while a good many mota* 
only manifest their esaet nati le in later hfe. But it 
is upon the basis ol these ttncle ncies—and upon 
othei —tint tho making of tlio individual is posdblck^ 
They represent tho total isscts available for the 
mation of chaiactci Nothmg of any new Mmi 
be added to them. 
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All iBat can be done under the best conceivable' 
oiroumstanceB id so to airango the environnu^nt and 
siiiSroTindings of the cm>)ryo, and the suh^oqiicnt indi¬ 
vidual, so that those t<*ndoiir*les are at it'd upon in silch 
away that the best ar^ dovotqH'd and th<‘ wiw^t olimi- 
nated. It inu'^t bo ronn nibon*d tlial A i'l iiiidor the 
constant action of evoiythin ' tliat oon^tilnft tlio en- 
vlronment of an ornhrvo that tlio mas- of body cells 
-gradually grows into a lot ogiiisable human jHusonality, 

The question then aiist's, What aie th. hiotora 
CStleruu.! to the embryo whitli cmus<' these g(*nuinal 
t^dencies to bceome active and full\ dtvolnjxjd? 
These factors are those of (r/) iu)an >liment; (6) use, 
or exorcise ; and (o) injury. In the oa^(' ot tlio human 
epibryo by far the most impuitant t)t thosi‘ three 
factors is the first. A ]>iof>or siipiily of nouiishmont 
and food, that is to say mateui.d luitiition ot ado(|uate 
quantity, is .sufIioi<‘nt ii]) to the tipio of hiitti to ouui»e 
the inborn tendoncios in all the body-coils gradually 
to assume the s])ooial o!iaiaotcrisiic*s of inusolo hone, 
gland, nerve, and so fortli, >vhi(h make the human 
embryo. After the ])erind of einl)r>oji> life is over, 
the^stimulus of nuirition is still sulluioiit for sfune of 


body -cells, d’hus \\e liiid that the hair, the 
teeth, the internal oars, and the organs of reproduc¬ 


tion, all grow to tht'ir fiih development in the absence 
*ol ftUy other faetoi or stimulus than that of nutrition. 
But* aa wo aUo know, this simple stimula.s is not 
suftek^t for most of the other body tissues to develop 
jpjFOperly. They require the aiUhtuinal stimulus of 


eUtl^ise which, indeed, may bo .said to I»egin even 
hdi^ihe life of the embryo. Afb‘r that it is quite hope- 
expect a healthy embryo to develop into a 
.<^d unless to the stimulus of nutrition there ia 
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added that of exercise. It is from the varying 
titles and qualities of the three factors of nouriahment^ 
'exercise, and injury, that part of the explanation is 
found for the variation in individuals of the same 
family. Starting with a gooci* many of the same 
inborn tendencies none of tliem afterwards receive 
quite t]i(> same kind and amount of those stimuU, 
under the action of wdiich they develop. And so we 
reach the second point, namely, that, in addition to 
innate characters eortam others are subsequently 
acquired by tho emljrj'^o of the individual in response 
to particular stimuh acting from without. 

Hero wo are upon ground \\liich is more or less in 
our own choice or control. It is impossible to alter 
germ-plasm; but it is not impossible to control the 
environment in which it exists. To these two groups 
of characters, tho germinal and those acquired under 
stimulus, there is tcv be added the third group which 
we have mentioned on a previous page, namely, those 
that are usually termed variations. For example, one 
occasionally rinds that one individual in a family, the 
parents of which, and tho other members of which, 
are quite normal, may bo bom with six fingers instead' 
of five. Similarly one of a family may have a varia* 
tion in tho direction of an extraordinary capacity for 
the acquisition <^f knowledge of certain t3rpes. Hence 
tho genius in music, mathematics, memory, morality, 
and so forth. As w^e have ^cen, these variations are 
termed spontaneous, to express tho fact that we 
at present ignorant of the laws in accordance with» 
which they arise, though, of course, it is understoda^ 
that those laws must exist. 

We have now surveyed the whole field of the poanble 
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oiigiii of the characters of an embryo, and these may 
be summed up in the following tabular statement. 


Au Embryo is 
made up of 


' A. Inborn Characters— 

• [a) Inhor t/v\ mg un¬ 

der the stimulus of 
nutriment^. 

< (6) Variations. 

B. Acquired (’haracters, obtained 

(a) By iiutnti'^n. 

(b) By use. 

(r) By injury 


The differences in inebviduaLs with which we are also 
familiar, are duo to the varying pro£)ortiona of the 
characters in the above table, *and the characters 
tibemselves are those w'hich constitute all the possi¬ 
bilities for any given person. 

Should the reader doubt this, or bo sceptical as to 
whe^er the whole of the making of a man is contained 
iu the above simple scheme, it would not bo difficult 
for him to convince himself that the statement is a 
true one. Let him put down this book and take a 
sheet of paper and a pencil. Rule the sheet of paper 
into three columns, and at the top of each column 
plftoe a heading as follows: inhented; Acquired *, 
and Variations. Thus :— 


Inherited. 


Acquired. 


Variations. 
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Lot him then proceed to think of as many do^itldie * 
characteristics of his own as he j)Ob'.ibly can, and then 
enter these charactensties in the column which he 
deems apprtipilato. 31 will bo found that with the 
great mijoiily of (hauu kri'^lics no difficulty will ho 
presenUd and it wdl lx ipiiU impossible to think 
of anything whiUi is a phjsir.d ]uit of lum&clf, which 
cannot be placed iii one or ollici of these three cate¬ 
gories. E\(n though there nuiy be a httlc diffietilty 
as to winch eoluinn should claim the entry, it will bo 
found that this due lathcr to indecision on the pail 
of the KMch I than t-o aiuthing else, it is not bocatiBe 
he can nnai,nu‘ an> otlur oiigin for the trait which 
IS for tile moment jui/zling, but smijily lieeause he 
may bo uiKdtani as to wh tlur it is an inborn char* 
actor, or one duo to the subH(jiuiit aelioii of cirenm- 
stances. ^’lnls ho vni hiso no diffi'ulty in plaoiiig 
in the liisl eohimn such ihaiai tt iisties as the possea* 
Sion of (me no e, two ejes, the colour of liis eyes^ 
lierhaps the iiajic of his nose, and so forth, these all 
being gcu iiiial inheiitc'd characters iupially simpld 
is it to ^te kilt ui the second column must be placed > 
BUc'h paits ot ills iiich\idiidlil V as ‘peech, writing, the 
eizL of his muM Us at the moment and so forth. Thcsos. 
obviously ha\e lesulted iioir. the action of circom^ 
etanees on mboin caiiaeitics No cmbiyo can speak 
or write, though it has within it the inhented capacity 
to enable it to leain such i lungs. Finally ho nwtf 
find it difficult to think ot anything to place 
the heading of “ Vaiialioiis ”; but, on the oth^ 
hand, should he hapjien to be a genius in mttaie\of*« 
mathematics, or the possessoi of six toes or a 
mole on his arm, these will mdicato to him 
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tJ^Ley are d the nature of “ Variations.” (It Aust 
leAembered, however, that they may be trans- 
imt^ to successive generations, in which case they 
b^ome germinal characters.) 

‘ ;In a similar way if.tlie reader desires to out 

this analysis of the characters which make an embryo, 
.and which, therefore, aftorw'ards comprise ^lic possi¬ 
bilities of an individual from ihe i)oini of view of the 
stimuli under which they an? dcvel(>]»cfl, lio may easily 
do.SO. Another sheet of paper similarly divid(;d into 
three columns with the headings “ Is’utrilioji, X^sc, and 
[njury,” will enable liim to see how his individual 
characteristics have attaint'd their ])res(?iit develop¬ 
ment as the result of one or other of these stimuli 
acting upon the germinal or inheriU'd tendencies. 
Without going into detail in tljiis matter one may 
^mply note that under the hcaduig of “Injury” will 
come all those parts of himself of %\'hioh he has become 
.possessed as the result of disease, or accident, whether 
•tl^ be physical, mental, or moral. 

> ^-Now wo have completed what was necessary to 
at our conclusion of what it is tiiat goes to tho 
;l|lakmg of an embryo, and therefore of a human being 
personality. Tho conclusion is that every charac- 
which it is possible for an individual under 
circumstances what.socver to jiosscss is traceable 
lij^^atcly to tho action which takes ])lace between 
inherited tendencies and iiis natural environment. 
’:®Efe,lenvii‘onmciit, wludher it bo phj’sical, mental, 
ethical, spiritual, or whatever other can be 
can only produce the w-holo individual by 
of acting upon w'hat is already present.- To 
..nothing can bo added except in the environ’^ 
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meni; from that material nothing can be taken away; 
the most that can bo done in this direction is to hinder 
its growth by suitable procedures. Hence the troth 
of the phrase that ** education is nothing more than 
the giving or withholding of opoortunity.** Hence it 
is BO entirely true that it is impossible to make a sIOe 
purse out of a sow’s ear, or to gatlier grapes from 
thorns. The importance of thoroughly realising these 
simple facts of embryology should at this stage be 
obvious. They constitute possibly the most important 
lesson which is demanding attention at the hands of 
modem teachers, parents, and sociologists. 

One further word Ixjfore wo leave this part of our 
subject. It is obvious that of our total charaoteristios 
some arc acquired and some are inherited, and the 
question then arises. H{)w much is inherited in an 
embryo or individual, and thereforo unavoidable, and 
how much acquired ’ It would bo beyond the scope 
of our Ruhjoet in this place to enter into detail in this 
matter, but it '..ould not be right to pass the question 
by without p)inting out that a careful analysis of 
individual ehuractcristics will show that under the 
heading of “ Inherited ** w^ill be found principally the 
physical traits When the reader comes to estimate 
his mental and moral oharacteristics, a very few 
moments* careful thought will prove most conclusively 
to him that tlicse must be entered up under the heading 
of “Acquired.” If it w^ere not so progress in those 
directions w'ould bo practically hopeless. But plain as 
is this tnith, it is one w^hich ih far from being realised' 
by many well-educated people. 



CHAPTER V 

FERTILISATION AND EARLY DEVELOPMENT 

We may now tam our attention to tho Cf'nbideration 
of some of the phenomena connected with tho early 
pxocefises in the development of tho embryo. We may 
assume that the eggs and sperm^s have reached such a 
stage in their life history that thiy are now mature. 
All that is necessary in order that the development 
of an embryo should result is that union of the two 
elements should take place. Many complicated changes 
have occurred in tho constitution* of the*^^ eggs and 
sperms before this stage is reached, but into these we 
need not enter. It will suffice for our purpose to 
assume that they are now mature. Then as tho result 
of a natural instinct which suggests certain thoughts 
and emotions to the male and fcmalo animals, which 
in turn are followed by certain definite acts, the sperm- 
cell from tho male and the egg or ovum-cell from the 
female are brought into contact. This contact takes 
place in suoh circumstances that tho united elements 
are abb to be protected and nourished and so, fertili¬ 
sation having thus (x^ourrorl, development begins. 

The characters of these two wonderful cells, which 
by their union ultimately cause tho production of an 
embryo, are briefly as follows. Tho element from the 
niab* the sperm that is, is an extremely minute cell 
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ivhich is only about of an inch in length* As 
seen under a high poA\ci of the miciosoope it is com¬ 
peted of t^^o portions \Ahich are spoken of as a*'hCAd 
and tbo tail The fornur is a flat oval part, and 
behind this is the loundid body ending in the long 
tail ’wludi IS Miino bun filths of the total length. l5ufl 
long lapiiniw, t iil gj^es to the spcim its povei of move* 
nicnt foi It IS Hipijostd tli li as the i< ult of the rotating 
or Uslung mo*eHunts ot this tail tlu etll is propelled 
indeed Ps i ite of mot on his bien xctually studied, 
and estimate el to be at aliout one eighth of an inch per 
miniUc. 

The fell eonlijimtfd by ttu f male, the ovum that 
IS ha (|mti a (hlUidit tuutuie and tmcrosoopical 
appiaianei (oiupiud vith most fell, it is rather 
large almost louiiti n* shiiif }u\ing a diameter of 
about , of an ineh \ p to tlu time) we aie now con* 

siekimjr this (tfl aloi g with a at many others like 
it, his luen st )U(1 witliiix tlu ft male enaiy, fiom which 
oigan an < \iim luiiotlu ilU tsi qxs Unless fertilisa^ 
tion tdl s 1 luc b^ union w th i spurn the dischiocged 
ovum jHuhes Should howcvti tho sperm-ceh be; 
avail ihh .md should it ln\c bten able to reech % 
fcituation at which ftrtibsation can take place witldlt^ 
the tliam if cMnts win !i eonstituto development 
begins But It foie ft itilisation can take place the 
ovum his unde 1 gone wlii‘ is called the process oi 
matui at ion in which it cluides twice, giving off two 
small poilions of itstlf in the piotesb. The result of 
this lb that half the number of chioniosomes in 4he 
ovum are lost Thib process of matuiation has idre(i^« 
taken place in the sjxiiii before it leaves the bOdjjT 
the male. 
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these two cells meet, the actual fusion of their 
j!UI|>t0£iitl takes place, the head of the sperm penetratmg 
hito th^ substance of the o\uin, and the body of tie 
sp<£nni completely fusing ^ith the nucleus of tb<- fivum. 
This gives nse to uhat is called the btgmentation 
l^libleus.’* It will be obscivtd that uo now^ have a 
cell in which the full nuinlxr of chromosomes for that 
pertioular species is represented onto more But 
this full number has now been made up two 

different o'^urces half from the clement^ contributed 
{com Ihe male and half from those of the female It 
is at this stage that the inherited tendencies, carried 
in the germ-plasm on the two sidfs of the ancestry, 
become mingled, and fiom thenceforward the division 
of the fertihsed cell into many cell descendants goes 
on ivith extreme raiiidity * 

Two different lines of germ plaspi have thus been 
mtifnately mingled and the actual sigmficance of this 
mingling has given rise to one of tho most acutely 
debated points m all tho problems of heredity Put 
into quite plain language tint problem is—What is 
the {npction of sox ? It is no pait of our ta.sk here to 
anir^r that problem but it is of interest to point out 
precisely at what stage it occurs in cinbijology Tho 
obvious answer, however, may be advanced that the 
funotiOh of sex IS to mix the chai actors of the parents 
in each a way that some from eat h souice will be found 
ifl^the offspring But how these arc mixed whether 
as painteis mix two colours and produce a tlurd, or 
asJtwo packs of cards aic mixed having different 
backs, is quite another matter 
^ uii^tetilised ovum now^ commences to form a number 
afi^^esflive generations of cells, and this it does by 
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dividing into two, four, eight, i^teen, th&trj^two, 
and so forth, until a number of cells have been pro* 
duced which arrange themselves into the form^^ a 

ball. The surface of this ball re¬ 
sembles ihau of a mulberry, each 
elevation coITO‘^ponding to a cell. 
Tills mash is ttimed by embryologists 
“ the morula.*' (Bee Fig. 1.) 

Next, within this morula some of 
the cells become condensed into one 
Fig. 1. pnrlmiLir portion, leaving a space 
which contains fluid. T’ho ball is now no longer solid, 
but has a portion ounsisting of cells, and a portion 
consisting of fluid. It is nov called a “blastocyst.*" 
(See Fig. 2.) 

The cross-sectiofi nf this shows the cells project¬ 
ing into a caMty. This is tlio 
firbt attempt of the hrtiliMMl 
ovum to form ihself iiih) the 
different labors, which aro 
ultimately going to give nso 
to all the different tissues of 
the embr\o. Hut it is in¬ 
teresting to know at tliis hi ago 
that the outer layer of rolls, 
those represent mg a margin in 
the figure, has nothing to do 
with the forming of the I'm- 
biyo at all, but gives rise to a structure whose function 
afterwards is to bo that of nourishing the growing 
embryo. ^, 

The next obvious change is that the cells at tiie lo^^irer 
portion of the mass which projects into the QttVHy 
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appear to got flattened out—at any rate they obviously 
arrange themselves in a deflnito and separdite layer; 
and this layer in its tiini proceeds to go on growing*by 
division of its cells in such a way as to foim another 
little closed cavity tlic larger one. "I'liis cavity 

1$ termed the “ yolk sac.” (See Fig. 3.) Then another 
little cavity occurs, tliis time within the original pro¬ 
jecting cell-mass. This cavity is tinned by embry- 
ologists the '^aniniotic cavity,” and the ulL which 
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line it, and which in their turn become arranged as a 
separate layer, form what is termed the ” embryonic 
ectoderm.” (See Fig. 3.) 

It is in this re^gion, and in that of tho yolk sac which 
filea just underneath it, that tho future growth of the 
embryo itself occurs, and the portion is therefore 
tanned tho “ embryonic area.” (See Fig. 3.) 

Up to this point wo have seen that two layers of 
eeUft hitve appeared, one round the yolk sac, called the 
** eptoderm,” and tho other lining the amnion, caUed 
the ** ectoderm.” After these two gonninal layers 
hkve ittade their appearance, a third layer comes into 
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existence, which, because it begins growing from the 
embiyonio area, and lies between the two already 
mentioned, has received the name of the “ mesoden|i.'* 
This third germinal layer divides into two portions 
before very long, and the spaeo* lietwecn these two is 
that in which the body ea^^ty itself subsequentfy 
arises. One ]mrt of the mesoderm, situated near one 
end of the embryonic area, is specially important, 
because in it are formed the blood-veshols which supply 
the embryo, and which ultirnahdy afterwards booomOs 
the umbilical cord,” w'liich forms the conneotion 
betw^ecn embryo and mot tier. 



CHAPTER VI 


fahly dlvllopmbnt 


Thh ©wiy development of tho embryo nov proceeds 
rapidly, and its appearance at tho btago have just 
been describing IS thus stated by Dr R W Jolmstone — 
“ If the ovum at this stage bo 1 ^oked at from above, 
tiie embryomo an^a appears as a binali shaded oval. 
The shadmg is duo to an incrcabcd g^o^vth of cells, 
because hero the threo geimmal layers—ombijomo 
ectoderm, mesoderm, and entodehn—are in contact. 
At oi^e end a patch of darker sliading indicates a still 
greater growth of cells. Rumung for\\ard from this 
is fC band—^tho primitive streak —in tho centre of \»hirh 
lies a darker line—the primitive groove At the far 
(axttexior) end of tho primitive groove there js a dark 
4qpot-«Hensen’3 node—from \^luch still another streak 
runs forward, the head process. LaUr, in front of 
itbc primfilve streak, a thickened band of ectoderm 
impean, broademng out postenorly. The edges of 
tw band rise up U) form two folds which meet an¬ 
teriorly. The groo\o between them is tho medvllary 
^ffroove, and ultimately thc} fold over and uiuto to form 


tbiBcneisral canal (See Fig. 4) 

*fAk>iig the line of the primitive streak all three 
layers are m contact. Superficial to it is 
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the'amnion, and below it is the yolk 6ao« 11116 embxy- 
onio area is the only part of the ovnm which has to do 
wi^ the subsequent development of the embryo 2 
the other parts of the blastodermic vesicle become 
subservient a.s nutritive or supporting stnictuxes. 

“ At this stage, and for the first three weeks of \pi 
existence the embryo is a * flat diso floating on the 
surface of the yolk sac.* (M Mumch.) ** 

This IS folloi^cd by a folding of the embryo, dim to 
the enlarging of the ainmotic cavity, the result being 
to i^rm Mbat may be termed a ''head-fold** and a 



“ tail fold ” A further fold, however, occurs at the 
sides which bend in, so that the whole embryonic mass 
at this stage comes to foim an incomplete tube, the 
incomplete jK^rtion btmg the lower aspect of that 
tube. This nmiains open. In duo time this lower, 
or ventral jiortiou, becomes completely close^l, exoe|»t 
just at one point. This point is whore the oomxntmi- 
cation exists between the m^ide of the tube, which ts 
the embryo, and the yolk sac. A ^mrt of the yolk sao 
is thus mcluded in the omliryo itself, and this has an 
important boarmg upon future development, becailBe 
in the course of time this part comes to be the alimentary 
tract of the growing embryo. The canal which jolaii^ 
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the yolk sao to the internal gut of the embryo (ihe 
vitelibie duet) ultimately forms, together with part 
of the yolk sac, the umbilical cord. This cord, which 
at the time of birth is artificidlJy bcvered in order £0 
free the fully dovolopccj embryo, is at tlus stacre con- 
neeted to the liindcr part of the body oi tno embryo. 
As the latter grows, however, it elongates blill more 
behind, in what wo bhoukl regard as the tail region in 
animals which had a well-maiked tail. As a matter 
of fact, at a little later si ago than this there f quite a 
oonapicuMuS tail in the human ernbryi>, which, how'oyer, 
comes to be embcddtH.1 in the tissues lattu* on, and so 
never forms any exU'mal aiqx^udagc. 

So that at this stage wo have the embiyo n.‘preaent- 
ing a mass of cells whe^h havo gradually arranged 
themselves, and been arrang(‘d, in,the foiin of a lube 
more or less bent, and attaclicd jic‘ar its hinder end 
to the tissues which aro afterwards to icpiesciit the 
uml^cal cord. 

We have neglected to describe the oi^ans and 
structures which aro dovclopoj after fci tiliHation as a 
further means of protectmg the developing embryo. We 
have done this of set purpose, because these sl^ctures 
—rknown as tho “ trophoblast "—require a consider¬ 
able amount of techmcal knowledge to understand. 
Any detailed dobcription of them, therefore, would be 
out of place hero. All that Is ncceasary for us to say 
is that they are intended to servo as a means of nutri- 
tLon for the developing embryo, and take no pari in 
the. actual formation of its cells and organs. One 
porilion of it, however, has another fimction which may 
})Ci mentioned. It secretes, it is supposed, a kind of 
*|^mant. which has the power of dissolving or digesUnig 
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otlier cells, and this is of great importance at <ma Jltagof 
of development—^namely, when the fertilised otmn 
comes to reach the womb, or uterus, in which it Is to 
pa^ the rest of its developing stage It is believed 
that some of the celh m the wall of the uterus are dis¬ 
solved and digested immediately round the ovum 
itself, wh’ch thus comes to he in a cavity in the uterine 
wall This process being cariied still fur^^her allows the 
ovum to bink dot^Ki and deopti mto the hning 
branc of the uterus UltimateIj the ixiint of entrance, 
where the ceils wcie digested is elnscd up by the for* 
mation of a clot of blood |x>ined out at that spot, and 
which thus (iituely covers in tht ovum The latter 
now comes to he absolutely cinlxdded m the watt C|f 
the uterus m a cavitv which it has itself formed. It 


does not, howe\ci ooi np\ tho whole of the cavity, but 
IS surrounded by blocc* which is escaping frons^ the 
minute blood vessel ot tho wall m which the cavity 
has be^n made ^llub blood is of course, the maternal 
blood Thus y\ t hav t tl o ovum t ompletely embedded, 
l3nng fieo m a tiny cxvity in the mucous membraiie 
hnnig tho uterus a cavitj full of blood, m which t{ie 
ovum lies bithed, and from which it presumabty 
absoibs Tioui ishnicnt by osmosis through its tlDjj^lO* 
blast ’* (H \V Jiduibtone ) 

The utciiiu wall after this ombedchng of the OVOm 
within it, undeigocs a remaikablo growth at this p 06 |^ 
lion, conccimng which a werd must be said. 


normal conchtious this wall is smooth, or nearly^80, 
but piobably there aio upc^n it some bhght irreguls^tlea 
or projections winch aic suihcieiit to catch tha oVttJttr 


when it enters the utenne cavity Apparently It tij&fi 
be arrcbted in this way at any part of the wall^ 
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hecomes embedded in the mcumer we have de* 
eorib^ above. The linmg membrane of the uterus under 
oidboary conditions mca°ures about ono-eighth of an yich 
in thickness, but, after the* o\ urn has beoumo embedded 
in it, it begins to iiKj-e.uso until it reaches much as 
half an inch. Undcnicaih tiu'* hning membrane lies 
the muscular part of tlic utoniio ^\ail. Tlio ovum 
• itself is embedded about tlio middle (lc])tli cf the hning 
membrane, but as it rontmuos to giim, and increases 
In Size and dimensions it jnojct Is inoie and more into 
the uterine cavity, that htmg the dsiection of •least 
reiastanCe. Before very long the embiyo as it now is, 
has reached such a '^i/o in its gio\\th th.it it entirely 
fills the cavity of tlio utoius Tins stage is reached 
after the tlurd month of gcstatnui 
Aiiothor btiucture, conctumn^^ ^^huh iust a word 
must be said, is that known as the j)Uccnta,” or more 
oopimonly as the ‘‘after-biith.”* We need only say 
that this is fiist dovcloind by means of a number of 
little outgrowths by means of wluch the caily embryo 
is attached to tho wall of the ca\ity in which it lies. 
Thase outgrowths giow in+o the uteiine tissue around 
the ovum, and they allow of lilood circulating between 
them* They have, as a matter of fact, two distinct 
functions to perfoim— fust, that of fixing the ovum in 
pOditipn, and, secondly, they allow of the maternal 
blood circulathig iii the spaces between them, and it 
k this blood that the embryo denves its nourish¬ 
ment. Tho blood-vessels ultimately connect with those 
qt t(he umbilicus, and thence reach the embiyo. This 
tile placenta, at the time the embryo is fully 
dpfV^ped at birth, is a louiid stiuoture about nine 
ecioss, and not quite an inch thick in its middle. 
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becoming thinner towards the edges. The surface of 
it next to the infant is smooth and shiny, beneath which 
it is rough, that next to the maternal structures bding 
dark-coloured, somewhat like flesh. When the child 
is bom, the severing of the uinirllical cord allows the 
placenta to remain behind in tlio uterine cavity, whencd 
it is usually expelled shortly afterwards. Should, 
however, tliis not be done, and the embryo and the 
placenta bo born together, the child is said to be “ bom 
with a caul,” an event Avliich has given rise to many 
auperlitiiions. 

The foregoing description of the principal events in 
the development of Ihc embryo will bo sufficient for 
our purpose hero, l^^urther detail^i on the subject would 
necessitate a considerable knoviedgo of physiology and 
anatomy, and those .eadeis who desire to study the 
details of the .subject further may do so in any of the 
various works referred U' in the bibliography appended 
to this book. 
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THK BEGINNINQS OF THINGS 

Wh may next turn our attention to the developing 
embryo at a very early stage, and note frox.i \vhich 
parts ot its growing coIIm the didoreut structures are 
ultimately developed, remembering all the while that 
all the subsequent division into specialised tissues is 
the result of the inhoroiit possibihtiea in one singlo 
fertilised gemi-cell. 

It will be remembered that, as»the result of the sub- 
dividon of the fertilised germ-coil, wo had the forma¬ 
tion of three distinct layers of ceils. These layers we 
saw were termed the germinal layers, and were named 
respeotively the “ ectoderm,” the “ entoderm,” and the 
“mesoderm”—^the last appearing between the two 
former. It is from those three germinal layers that 
all the subsequent stmetures of the body take their 
origin, and although wo cannot attempt to follow out 
in detail the growth of all these s2X3cial tissues, it will, 
nevertheless, be of interest to note, in the briefest 
possible way, from which portion of the embryo they 
Bubseqoenily arise. Some of these we may afterwards 
laote in detail. The total result may bo summarised 
by simply giving a list of the various tissues, and the 
oanesponding embryonic layer from which they come. 
2bu8\- 
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A* From the ectoderm arise the following atruo- 
tures:— 

Epidermis or skin. 

* The hair. 

Various glands. 

The lens of tho eye. 

The whole ncnous system. 

The nerve ])di ts of tlie bcnso organs. 

The membiano of tho mouth, 

Tho onamcl pait of tooth. 

» The inembnuie of the noso. 

The lower i)iiit of the bowel. 

B. From tho mesoderm aiiso the following stmo* 

tures.— 

Tho coimo«*Uve tissue'' of the body. 

Tho bones. 

The teeth, except tho enamel. 

All the mu''cles: 

All the l)h)od vessel' of tho circulation. 

All tho \e ^cls which oariy lymph. 

The membranes of the heart, lungs, and boweli. 
The kicbiej-s and their ducts. 

The reproductive oigaiis. 

Tho blood itself. 

The fat an 1 the marrow. 

C. From the third layer t*f the embryo, tho onto- 

derm, arises *— 

Tho hniiig of the aliment iry tract 
The limng of tho larynx. 

The lining of the trachea and lungs. 

The cells of the hver, the pancreas, the thyroidiii* 
and thymus. 

The structure termed the notochord. 
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fVoDx th^ above brief summary we see that the com* 
ponent tiasues and parts of the body can be divided Into" 
three groups, each of which originated in one of the tbfee 
embryonic layers. Moreover, if these three groups bo 
Borutinisod a little raoiSD carefully, they n ho ^oen to 
differ very markedly from each other in the structures 
and tissues which arc derived from them, l-’hus the 
structures from the cntod(‘nn (see Q are practically 
either in the nature of gl.iuds, or the lining of the ali¬ 
mentary tract. Those tissues coming from 1 lu mesoderm 
(see B), on the other hand, comprise most of w'hat may 
be^termed the supporting tissues of the body, such as 
the bones and the muscles and ligaments, as well as the 
vessels which eonstituio the great eir»'ulation of the blood 
and lymph. But perhaps tlio most remarkable of all is 
the li^ of structures which tako their origin from the 
ectoderm of the embryo (see A). In this list will be 
found the most important structures in the whole 
human body, as well as some of those which arc appa¬ 
rently of far leas acrirms iniiK)rtaiiee. It is rather 
surprising to find, for e\ampk*, that the whole of the 
nervous system, inelnding the brain and spinal cord, 
and the organa of special sensation, should be derived 
from the same laj’er of cells as gives rise to the very 
simple cells of the skin, w'hich serve merely as a pro¬ 
tective covering to the other tissues. It is curious 
also to observe that in addition to brain and skin, 
pejtts of the teeth also arise from this external layer. 
Evidently then this eetodeim or outer layer is of the 
yeif ^atest importance in embryology, since from it 
eHse aJ} those parts of the embryo itself which are the 
most important in its future life. 



CHAPTER VIII 

THE BBGiNNrNras OP THINGS {coTiUnued) 

Wi?, have now conaidcred, as far aa ia compatible with 
the character of a work of tliis kind, the beginning 
and development of the embryo taken as a whole, and 
for the remaining part of our study of this subject we 
may devote our atUuition to the beginnings of some 
of the more im{K)rtant organs and functions in the new 
individual. It will* bo Imimsiblo to deal in detail 
with all the importc''.nt parts which ultimately consti¬ 
tute the new porboiiali^ y, but a selection may be made 
which %\ill give some general idea of how great results 
spring from very small Ixjginningfl. What will be 
said hei'o it may be hoped will bo just sufficient to 
stimulate tho interest of those to whom the subject 
appeals, and who may then turn their attention to 
some of the larger works \^}iich go into greater detail 
in this subject, a list of ^\hich Avill bo found in the 
bibliography at tho end of this volume. 

It must ^ remembered that quite a large number of 
the characteristics that wc usually associate with a 
normal human being only come into existence, ot at 
any rate only become obvious, at some period longer 
or shorter after birth. True, these charaoteristios 
depend for their ultimate appearance upon the develop¬ 
ment of the corresponding structures and oigana jn 
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the growing embryo, but in the ease o! some of these, 
those organs are not fully dovelopcd in ombryonio life, 
and the manifestation of tho functions associated arith 
them may be delayed perhaps for years. This is not¬ 
ably the case, for example, with tho reproductive organs 
Vhich, though developed during tho lito of the embryo, 
remain functionless until tho period of adolescence. 
The development of tho human mind and intellect too, 
although depending, of course, upon the embryonio 
growth of tho brain and tho ncr\ou.s system generally, 
is a matter of time and the cnvin)iiment subsequent to 
birth. It should l>o realised, how'ovcr, in this connec¬ 
tion, that tho mind of the now individual, and all that 
is involved in that term, dales back ulliniately, as 
regards its possibilities, to the moment at which tho 
two germ-cells from the male fwul female respectively 
united in fertilisation. Tlie adult mind develops from 
the mind of tho inf.ant. Tho infant mind appears as 
tho result of the possibilities and tho hmdcncics which 
were inherent in the germ-celLs from which not merely 
the brain but tho wdiole embryo sprang; in other words, 
all that a single human mind connotes results from the 
possibilities in a singlo cell. Such a thought is a 
startling one indeed, and at first sight appears, perhaps, 
somewhat incredible. But a moment’s careful atten¬ 
tion to the problem w ill show at onco that it is in reality 
no more wonderful than the fact that this single cell 
produces all the millions of other cells which in due 
time give rise to the skin, bone nerve, hknid, and so 
forth, which make up the entire body of the embryo. 
The human mind, therefore—and indeed the human 
^ul, ]f that term be used in any intelligible senfo— 
takes its origin in the products of the multiplicatLons 
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of germ-oeUs acted upon by their subsequent sur¬ 
roundings.^ 

With this pa‘«sin" rch^rcnco to the fact that aonip 
important parts of an iiidivichial only grow to their 
full maniftstations after cmbryoidc life, wo may pass 
to the consideralioi) of tli( (levt‘]o])mpnt of some tjf the 
more interesting parts of th( rni]»rvo it-elf. 

Amongst the mo'-t striking, and certainly the most 
interesting, of the vaiions part’^^ oi the developing 
embryo, tho^e which go io form the sjK'cial btuscs arf‘ 
prominent. Tle'y are intere .t mg not n)rrely from their 
actual mode of growtli, ljut e‘'pcoia]ly al^o in cunnecti(''n 
with their evolutionaiy hi dory. I’lie stud}^ of how they 
have come into their pr< •-eiit state in the higher animals 
leads us back to very small biginmngs—indeed, to the 
time vhen tlicro was no ^och filing as special sense 
organs for sight, iK'ariiig smell and {-o forth, but where 
the organism had uhel leay be tcimed a diffused tactual 
sense over and tl.ioughoet the entire body. In the 
course of tinx* this dill used general sense became 
specialised js) better example »)f which could be quoted 
than that of tho sense of sight, which was referred to, 
as many of mir re.nders will doubtless remember, in 
Tyndall’s lanu -’s JWfast addles?. He was referriup 
to Herbert iSptirtT’s theor\ of the manner in which 
vision was evoh-d. lh‘ fim led out that, as abn\o 
noted in the lowest orgai.i'-ev sensation is a general 
thing diffused throughout the body, a kind of general 
tactual hciise. As the resu'i of environment, and 
gradual adatitation to extemul influences certam parts 

The detailed study of tins va^t of the ‘'Uhiert is dealt with in 
the writer’s work, Th Qrmk'it Lif' (Duckworth, London), to which 
folders who are intcreeted in this phase of the subject are referred* 
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of tlio general surface of the organism became more 
leaponsivo to thc^e external stimuli tlian other jiarts. 
These areas, being those }X)int.s at A%hic]i st'iisation v'fas 
moht acuk'ly felt, Mere nc’'lliii)g more or less than 
primitive f>enso organs.# Thus in th(' prngri*ss • volu¬ 
tion the .stimulus of the eye gradually became most 
pronouiieed in certain cells whieh contain ^ligineiit, 
these cells being more responsive to the light stimulus 
than the rest of the body. That uas the beginning t>f 
an eye ; a group of cells more receptive, more easily 
infhiencLvI by light, than any other eelh. In a sligfitly 
higher stage of c\olution we find a .spe<*ial overgrowth 
of the skill which covers over the area in which these 
yiigraented cells lie, obvdon^ly a protective measure 
on behalf of the sjiccialised cells refened to. Then, 
still later, a lens is added, and the v.hole organ becomes 
morn and more adapted to the iiei'cssities of the case, 
unlil it reaches tlio extraordinary perfection that is 
seen in the eye of such a bird as an eagle. On the 
same general principle, the other special senses aho took 
their origin from this general diffused tactual sense, 
certain cells lieeoming si)(‘cially tulaptcd for receiving 
the stimulus of sound, others for taste, others for smell, 
and so forth. 



CHAPTER IX 

THE BEGINNINGS OF THINGS (continued) 

It is not necessary to doscribo in deuail the beginnings 
of $.11 the various structures which arise from that 
important layer of colls in the embryo which is termed 
the ectoderm ; but since it gives rise to that part of 
the embryo, which eminently places man in the first 
place in the world of animals, wo may select it for a 
little further description. Wo may leave out of account 
the beginnings of the skhi and the glands, and some 
other parts, and logk for the moment at the origin of 
the nervous system, vliicdi includes the brain, the 
spinal cord, and the whole nervous mechanism of the 
individual. Pince man’s prominence depends upon the 
wonderful capacities in his nervous system, it is all 
the more interesting to note from what small and 
simple begimiings it has arisen. 

As we have already seen, at a very early stage in 
the development of the embryo, a folding of its cells 
takes place, so that the uxipcr embryonic area assumes 
the character of a groove. Wo may confine our atten¬ 
tion to this groove for the moment, leaving out of 
account the other two layers of the embryo—namely^ 
the mesoderm and the entoderm. It is this groove, 
which thus early makes its appearance, which is sub¬ 
sequently to play such a tremendous part in the for- 
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mation of the most important structures. It is railed 
the “ medullary groove.” As growth proceeds ami the 
cells continue to multiply and increase in numbefs, 
the two edges or lips of the groove gradually approxi¬ 
mate, and ultimately • fuse together. Ohvmij<,;y the 
eifect of this is to transform what was the groove into 
a closed cavity or canal, which is therefore now termed 
the medullary canal. Arising in this simple manner, 
this equally simple structure is destined to become the 
central canal of the spinal cord, and the cavitico in the 
brain, known as the ventricles. Tlio walls of this 
canal, be it remembered, are composed of colls of the 
layer of ectoderm, and it is these cells which, as we 
saw, appeared very early in the devekipment of the 
embryo that are now to proceed to develop into the 
brain, spinal cord, and, in fact, * the whole central 
nervous system. At first tho cells ^appear all similar, 
but, as development goes on, they begin to differentiate 
themselves into different kinds, some fomiing the actual 
nervous oeUs of tho brain and spinal cord, others 
developing into protective structures. 

The hinder or posterior part of this medullary groove 
and canal is narrower than tho anterior portion. This 
posterior narrower part is that which gives rise to the 
spinal cord. It very soon changes its character by 
the appearance of a number of constrictions at intervals 
running along its whole length. It becomes, as it is 
termed, segmented. A httle later these successive 
segments are seen to correspond to the pairs of spinal 
nerves which arise from tho cord. For the first part 
of embryonic life the developing spinal cord is of the 
same length as the canal, but as tiii\e goes on tho canal 
grows longer than the cord. This involves the nerves 
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coming from tho hinder portion growing longer than 
others. It is tho front or anterior portion of this 
mSdullary canal which is concerned in the development 
of the brain itself, and here, at an early stage, two 
very obvious constrictions apf»ear in the region of 
what is to bo the brain, and these constrictions divide 
that brain area into three distinct parts, or vesicles. 
Part of tho i)osterior vesicle ultimately develops into 
the cerebellum, or little brain. Another part forms tho 
mecbu>lla oblongata, that important hind brain in which 
lie so many of the vital centres of nervous energy. 
The central cavity formed by these constrictions is of 
comparatively less importance, forming ultimately what 
is known as tho mid-brain. The foremost or anterior 
vesicle, however, is of tho very greatest importance, 
and its subsequent changes are more marked than 
either of tho othejr two. From it is develojjed the 
great mass of the cerebrum itself, together with various 
outgrowths from it which have most important func¬ 
tions. Thus two of these outgrowths appear project¬ 
ing from the lower part of tho sides of the walls, and 
ultimately coming to reach tho outer ectoderm. These 
two projections, or pouches, ultimately form the optic 
vesicle. Still later in development the whole of tho 
anterior vesicle is again constricted, thus forming two 
distinct parts, the foremosi> of which, growing rapidly 
in two halves on either side of the middle line, ulti¬ 
mately give rise to the two cerebral hemispheres. 
These two cerebral hemispheres, therefore, arise, in 
the first place, as lateral enlargements of the anterior 
part of one of the primitive constrictions of the medul¬ 
lary canal. In their outer layers cells continue to 
make their appearance with great rapidity, and thus 
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Fig. 6.—Diagram of brain at an early stage, showing the origin of the olfactory lobe, the^optic 
▼esiclef the cerebellum, the cerebrum, the medulla, and the spinal cord (after Martin). 
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is formed the cerebral cortex; and the remarkable 
thing about tliis all-important part of the brain itself 
w that all the cells of tins cerebral cortex appear to 
bo produced during the life of the embryo; there 
being in all probability none‘added after birth has 
occurred. That is to say, the possibilities of the actual 
jihysical growth of brain tissue in any given embryo 
are fixed from the beginning. Brain tissue, in other 
words, is bom, not made. It is the manner in which 
it is treated afterwards upon wliich depends whether 
tliat given quantity of brain-cells displays its best 
potentialities or not. 

Wo have soon that the optic stmetures are con¬ 
cerned with this front portion of the developing braiu. 
The sa,mc is true of the organs Avhich are concerned 
with the Bj3ccial scA of smell; for about the fourth 
week of the hfe of a human embryo there appears on 
the under surface of each of the cerebral hemispheres, 
towards the front, a prolongation which becomes the 
olfacU)ry lobes. 

It is well known that the surface of the brain of an 
adult human being, or, indeed, of any of the higher 
vertebrates, shows upon its surface a number of con¬ 
volutions, and it is generally recognised, from a study 
of the comparison of dilfercnt vertebrate brains, that 
the more convoluted is the surface of the adult brain 
the more highly developed is the animal concerned, 
from the point of view of brain power. The surface of 
the cerebral hemispheres, however, is quite smooth 
for some months of embryonic life, and the depres¬ 
sions w'hich give rise to the appearance of the oon- 
volutions do not show themselves until about the fifth 
month, at which stage the brain is relatively large. 
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We referred on a previous page to the origin in 
evolution of visual sensation, and it may bo of interest 
here to note a little more fully the beginnings of 4he 
oye itt^lf in the embryo. As has been said, the very 
first appcaranco of these organs takes the form of a 
pair of outgrowths, or processes, which are hollow, 
from the front part of the anterior vesicle of the brain. 
These grow until they reach the ectoderm. A remark¬ 
able change then takes place. The portion of the 
hollow vesicle which reaches the outermost embryonio 
layer becomes folded in upon itself so as to form a cup 
with a double wall; just as one might form a cup in 
a blown-up paper bag by forcibly pressing one portion 
of it into the other. This double-walled cup is of special 
interest, because from its walls is ultimately developed 
that very important structure in c'bnnection with sight, 
namely, the retina. As soon as this is completed 
cells begin to grow from it towards the brain in the form 
of nerve fibres, and these in time convert what was 
originally a hollow process or growth into a solid mass 
of, nerve tissue. Tliis mass is the optic nerve. Thus 
is completed the coiiiiection between the outer surface 
of the eye and the brain itself, wliich is to receive the 
sensation. Then the ectoderm on the surface over 
the cup begins to thicken, grows into the cup itself, 
and ultimately forms a rounded hollow mass which we 
afterwards reoognise as the lens of the oye. Still later 
tills becomes separated from the surface by another 
layer of cells constituting the cornea^ and outside that 
again is still another layer wliich makes the conjunctiva. 

Subsequently the contents of this cup become filled 
up from other sources with a soft gelatinous tissue. 
Then the eyelids in time make their appearance in the 
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shape of folds of skin growing over the eye, and re¬ 
maining in contact until very shortly before birth occurs. 
And so we see that from this wonderful layer of ectoderm 
there comes gradually into existence not only the brain 
itself and the spinal cord, with all the nerves, but also 
the sjiccial sense organs of sight and smell. 



CHAPTER X 

THE BEOINNINQS OF THINGS (fi(mi%nV£d) 

Without entering into the description of the develop¬ 
ment ui the whole circulatory system, we may* just 
mention briefly the origin of the heart itself, wMch 
begins at a very early stage by the appearance of a 
small body of cells, which come to arrange themselves 
in a tubular form enclosed in the mesoderm. The two 
halves of this tube are at first separate from each 
other, but gradually come together and finally unite 
into a single tube wth walls. The folds of these ulti¬ 
mately form the heart muscle. The organ, at this stage 
of its development, does not lie within the region of 
the chest cavity, as it afterwards doe^s, but more an¬ 
teriorly in the region of the neck. The simple tubular 
arrangement, however, is quite a passing phase, and as 
the tube increases in length it becomes bent upon 
itself, somewhat in the form of the letter S. One end 
of it now enlarges and forms a pouch on each side, 
these forming the two auricles, right and left. From 
these auncles a partition grows vertically, and when 
complete, cuts them off from each other, except that 
a communication is left in the upper part (the foramen 
oveUe) which closes up after birth. This partition allows 
of the blood from one side of the heart ])assing to the 
other. Another partition eventually divides off that 
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portion which has fonned the auricles from the remain¬ 
ing portion which develops into the ventricles, which 
in^thoir turn become again divided by a still further 
partition. Tn this way tho heart which, in the first 
place, was a simple tube, grows ultimately into an 
organ with four distinct chambers, two auricles and twb 
ventricloi, tho only difference from this and the adult 
heart being the communication which exists through 
the partition separating the two auricles. 

Tho development of tho organ of hearing is somewhat 
complicated. Hio first i)art to appear is a portion of 
the inner ear, which shows itself as a round, hollowing 
of tho ectoderm. This depression becomes deeper 
and sinks further in, while its floor becomes thicker, 
and finally the whole assumes the shape of a closed 
cavity. An outgrowth from this gives rise to the 
cochlea. Tho cavity becomes divided into two portions, 
in one of which tho bcmicircular canals arise. Around 
tho whole, tho embryonic tissue has been forming into 
a strong prob^ctive covering, some of which finally 
becomes cartilage, and some bone. Tho middle portion 
of the ear is the remains of a cleft in the side of the 
embryo. I’his cleft becomes changed into a canal by 
the closing of its edges, the up|)er part ultimately 
forming tho tympanic cavity^ and the rest of it remaining 
os tho Eustachian canal. This canal opens into the 
pharynx. In tho cavity there am subsequently de¬ 
veloped three small bones which play an important part 
in the process of hearing. After the birth of tho embryo, 
air roaches the tympanic cavity, which then enlarges. 
One of the walls of this cavity persists as the tympanic 
membrane or chum. Finally the outer car, that portion 
which is popularly spoken of as the car, is formed from 
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the upper portion of the same cleft which gave rise to 
the tube of the tympanum. 

We have referred in the preceding description to the 
origin of some embryonic structures from a cleft in 
the early embryo itself. As a matter of fact no less 
than four of those clefts, or fissuies, appear m the region 
of the neck on each side, and are of the very greatest 
interest and importance in connection with embry¬ 
ology. They are termed tlic “ branchial clefts,” and 
are seen in the embryos of all vertebrate:;. In the 
human embryo there are four. They are situated on 
each side of the pharynx, and they correspond to 
the gill slits in lower vertebrates. 

Amongst other structures which arise from the 
important layer of ectoderm are the teeth. Of those 
there are during life two sets, a jLeinporary and a per¬ 
manent. The temporary teeth, though they do not 
make their appearance till after the birth of the embryo, 
still are partly developed during embryonic life, lying 
embedded in the tissue's until the familiar process 
known as “ cutting the teeth ” takes place. This is, 
of course, merely the time of their external appear¬ 
ance. The fir.st stage in the development, however, is 
a thickening of the epithelium of the gums in a direc¬ 
tion which is to correspond with the line where the 
teeth will eventually pierce. Tliis thickening is called 
the “ dental ridge.” This grows downwards into the 
underlying tissue in flask-shaijed growtlis. From the 
neck of each of those flasks there is a small projection 
which indicates where the permanent teeth wUl ulti¬ 
mately be. This Erst stage is termed that of the enamel 
germ. This becomes surrounded by cells which ulti¬ 
mately form a dental sac. Next, tissue from below 
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grows into tho flask, and the further growth of this 
gives rise to the enamel organ. Finally, enamel itself 
aiyl dentine are developed, and the embryonic tooth 
remains covered under the gums until it cuts them. 

Solar we have considered merely the mode of develop¬ 
ment of the most important organs of the body, but 
we have tsaid nothing of the most important supporting 
structure, namely, the skeleton. Tho earliest appear¬ 
ance of anything in tho shape of a skeleton is the 
structure known as the notochord, a structure of 
immense importance and interest in the embryology 
of all vertebrate animals, in which it is a temporary 
thing only. The first appearance of this notochord 
in lower animals is the earliest indication of the verte¬ 
brate typo, because it is found that in the higher 
vertebrates it is the fororumier of the bony spinal 
column and tho skull. It appears first as a groove 
underneath the medullary groove, of which we have 
already spoken, and its two lips unite to form a cavity, 
as did those of the medullary groove. In this case, 
however, the groove becomes a solid rod, then termed 
the notochord, and it lies immediately under the medul¬ 
lary groove itself, which, as we have seen, gives rise 
to the central nervous system. In the course of 
development, masses of cells come to arrange them¬ 
selves on each side of tho notochord, which they even¬ 
tually include, and at the same time they grow upwards 
and around the spinal cord which is thus enclosed. 
Xiater on these surrounding portions become cartilage, 
and, still later, bone ; the notochord meanwhile gradu¬ 
ally disappearing where the bony spinal column appears. 
Tl^ primitive vertebrate structure therefore, of the 
notochord, has the all-important function of coming to 
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enclose, and thus protect, the spinal cord and nervous 
system. 

As regards the other bones of the body, all that 
need be said here is that they are preceded by file 
structure which we know as cartilage, and in the bones 
of the limbs at two or three different points this carti¬ 
lage begins to be transformed into bone. These points 
are known as centres of ossification. 



CHAPTER XI 

HOW THE EMBRYO IS NOURISHED 

Havino noted how the embryo itself takes its origin, 
and then studied something of the beginnings of some 
of its most important parts, wo may now very briefly 
refer to the subject of its own nourishment. This has 
more than a mere academic interest, because obviously 
the proper growth and development of all the various 
tissues and structures in the embryo must depend 
ultimately ux)on the nourishment with which they are 
supplied. Their own inherent characters cause them 
to divide and subdivide so as to give rise to the millions 
of cells which are required to make the body, but these 
cells, in their turn, are dependent upon outside sources 
for the nourishment which enables them to keep on 
growing, or to maintain their full growth when they 
have arrived at that stage. 

Nature has made many varied arrangements for 
this nutrition during embryonic life in different classes 
of animals. In some a considerable quantity of yolk 
is so arranged with reference to the embryo that the 
latter con draw upon it for some time for its supplies. 
This is the case, of course, in birds, and in some reptiles. 
We need here, however, only consider the case of the 
human embryo. 
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Three sets of structures are concerned in hurilan 
embryonic nourishment, namely, tho Allantois, the 
Villi of tho Chorion, and the Placenta. 

Tho Allantois is developed in the form of a hollc^v 
bud from the posterior part of the primitive alimentary 
canal, and ultimately comes to form the .ui)i)iljcal cord, 
and the embryonic part of tho placenta. It is this 
structure, tho allantois, which allows at a very early 
date of tho embryo establishing a blood-conncolion 
with the rnatomal tissues, and hence it plays a very 
irapor^^^^^ part in the transmission of nouiishment to 
tho embryo. Not only does it do this, but it allows 
of tho removal of waste products. 

Tho villi of tho chorion are outgrowths by means 
of which tho very early embryo attaches itself to tho 
walls of the cavity, which it has made for itself in tho 
waU of the uterus. As they grow larger, these villi 
push their way into many of tho small blood-vessels 
in the uterine wall, and so come to lie actually in a 
mass of blood from wliich they abstract the elements 
of nutrition. At first tlie villi themselves contain no 
blood-vessels. Nourishment passes through them by 
a simple process of osmosis. Later on, vessels grow 
into tho villi themselves. Tho nutriment supply is 
secretion, in tho first place, of tho uterine glands, 
which these villi easily absorb. This process takes 
place during tho first two or three months of 
embryonic hfo. At tho end of this time most of the 
villi disappear, and the few that remain take part 
in forming the fmtal or embryonic portion of the 
placenta. 

After tho third month the embryo is nourished by 
the placenta itself, which is at this stage developed. 
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As 'w© have seen, it arises partly from the villi of the 
chorion, which is its embryonic portion. The other 
part of it is maternal in origin, arising from the portion 
of the uterine \^all which is immediately over the 
embryo. The connection between tliis structure, the 
placenta and the embryo, is constituted by means af 
the umh'lical cord. The function of the placenta is 
partly to supply nutrition, partly to serve as an organ 
of respiration for the embryo, whose lungs arc, of course, 
not functional, and partly it acts in the same way as 
tho Jddney does in after life, by excreting certain pro¬ 
ducts. From the placenta tho embryo derives those 
food elements at first provided by tho secretkm of tho 
uterine glands. Afterwards these elements are supplied 
by cells which lie between tho foetal villi and the blood 
of the mother. Tts^ respiratory function consists in 
allowing oxygen and carbonic acid gas to pass by 
osmosis between the embryonic and tho maternal 
blood. The process is exactly analogous to that which 
takes place between the gills of a fish and tho water 
in which the fish lies. Of course, it will bo easily 
understood that there is as yet no great need for a 
large supply of oxygen, because tho embryo is merely 
growing, and not using its various organs. 

It should be clearly understodd that under ordinary 
conditions of embryonic life there is no direct mixture 
of the blood of the mother and that of the developing 
embryo. All the processes w'hich contribute to its 
growth and maintenance, including those of respiration 
and excretion, take place through the intermediate 
structures above mentioned. This is an extremely 
important point, because it means—and evidently that 
is the object of the aiTangcment—that there may be 



HOW THE EMBRYO IS NOURISHED 81 

• 

much of an injurious character in the blood of the 
mother which never reaches the embryonic tissues at 
all. Doubtless the cells which form the organs gof 
nutrition for the embryo have a capacity for selecting 
the elements required for purposes of niitrl'ion. It 
is their business to look after tliis process. How per¬ 
fectly it is performed can at once be undcrstdbd when 
we recoUcct how very frequently the tissues of the 
mother herself are in anything but perfect health, and 
yet the embryo is bom healthy. Were it not for this 
intonr.oJitify process, the embryo could hardly help 
being poisoned or otherwise injured by all the varied 
unhealthy products and substances which the ignorance 
of some mothers allows to bo present in their blood 
during this important period. Even with this means 
of protection, the maternal bloocU may lie so utterly 
deficient in nutritive qualities, or so actively injurious 
from saturation with alcohol, or from some ec^ually 
toxic substance, that the lluids which reach the em¬ 
bryonic cells may be very much impaired in quality. 
Nevertheless, it is astonishing how much danger can 
be avoided in this wa>y by Nature’s provision in the 
method of nourishing the embryo. 

If the development and growth of the embryo in a 
human being runs a perfectly normal and uninter¬ 
rupted course, the following points could bo observed 
at various stages. At the end of the fourth w^eek in 
growth, the embryo is distinctly curved, so that the 
two ends—the head and fhe tail—arc close together, 
the whole being about half an inch in length. Even 
at this very early stage, the canal which gives rise to 
the brain and spinal cord is closed in. The vesicles 
of the eye and the ear have both made their appear- 
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ance, and the limbs are just bcgiiming to show as 
buds. The heart is quite obvious, and its division 
into its four chambers is commencing. In another 
four weeks the embryo has reached the size of one 
inch, and the head is beginning to take on a shape 
more resembling that associated with a human being. 
The tail, on the other hand, has now disappeared. 
The limbs have gro^vn to the extent that both hands 
and feet are starting growth, and in the region of the 
hea(J both the eyes and the ears, as well as the nose, 
can be distinguished. Even at this stage, however, 
the sex of the embryo cannot bo made out. A month 
later, at the end of the twelfth week, a considerable 
development has taken place. The embryo is now 
about three and a half inches long. There is a general 
growth to be observed, and the bones are beginning 
to ossify. In sixteei* weeks, when the embryo measures 
about five inches in length, the sex is easily distin¬ 
guishable. Tlio most characteristic thing for the weeks 
succeeding this is the relatively largo size of the head, 
upon which hair appears at about the twenty-fourth 
week. In twenty-eight weeks the embryo should weigh 
about 2^ lb., that is to say at the seventh month of 
embryonic life. Should the child be bom at this time 
as the result of any of the causes which give rise to 
premature birth, there is a possibility that it may 
live, though as a rule it does not. Four weeks later 
it should weigh SJ lb., and if bom now may frequently 
live, if carefully attended to. In another four weeks 
the embryo is nearly eighteen inches long, and weighs 
about lb., and the body has a more rounded appear¬ 
ance, because by this time there has been a consider¬ 
able growth in fat. If bom at this stage it ought to 
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be quite possible to save the life. Finally, at the end 
of forty weeks, the normal full embryonic period of 
human life, the healthy child should weigh about 7 Jb., 
having smooth, pink skin, and being otherwise per¬ 
fectly developed. 



CHAPTER XII 

RBOAPrrULATION 

In bringing our study of Embryology to a close, we 
may clanco briefly at another aspect of the subject, 
namely, that which emphasizes the fact that in its 
development the embryo recapitulatoa the history of 
its ancestors. 

It is quite obvious that the offspring of any species 
of animal, if they are to live and survive in the same 
kind of environment* as that in which their parents 
live, must resemble them somewhat closely. The only 
way in v'hich Nature can secure such a sufliciently 
close resemblance of offspring to parents is by insuring 
that they should develop along similar lines. So it is 
that wo find that the whole of the life history of an 
individual is more or less a recapitulation, with, of 
course, variations, of that of the parents and ancestors. 
Each successive step from the very beginning of the 
fertilisation of the ovum repeats a stage through which 
previous generations have passed. If from any accident 
a step in this recapitulation is omitted, the embryo is 
to that extent deprived of some feature possessed by 
a parent or ancestor; and if this be a sufficiently 
important omission, it is impossible for such an embiyo 
to survive. That is one way in which an embryo may 
differ from its parents. That is a retrogressive change. 



RECAPITULATION 85 

On the other hand, such an embryo, in addition to 
recapitulating the stages through whicli its parents 
passed in development, may have something hew 
added, somcithiiig which appears for the first time. 
J.11 other ords a progressive variatioi may appear. 

Now, since the embryo follows the samg develop¬ 
mental track as did the parent, passing through the 
successive stag(*s of germ-cells, fertilised ovum, embryo, 
feetus, infant, child, youth, and adult, it f'>llow.s that 
.should it exhil)it any additional peculiarity, uigioted 
in the parent, the embryo has obviously varied pro¬ 
gressively. That is to say, it has pursued the same 
line of development together with some new addition. 
On the other hand, sliould the ofYspriiig at any of 
those stages in its career bo obviously without some 
of the charactcr.s of previous generations, it is as cer¬ 
tainly due to the fact that the rccaiatiilation of the 
lilstory of dovelopmont has been, in that particular, 
incomplete. 

In all successive cases of multicellular organisms, 
development by a process of reix)titi(jn of what hap¬ 
pened in the previous generation scorns to bo the rule ; 
and it would appear that only by tliis means could a 
mass of cells which constitute an individual grow' into 
something sulFieicntly like tho parents as to be recog¬ 
nised for their offspring Given tho fact that a 
human individual starts from a single germ-cell, it 
could only be by following tho same steps in develop¬ 
ment trodden by the parent that the new individual 
could attain a similar growth. The object of this 
similarity is, of course, to provide that the offspring 
may live and survive in an environment more or less 
similar to that of the parents. As Dr. Aichdall Eeid 
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puts it, “ the embryo starting from the same point, 
must follow the same road to roach the same 
goal. The embryo which did not recapitulate the 
history of the development of a parent would be a 
monstrosity.” 

While, however, recapitulation in development is 
always more or less clear, it does not follow that it 
is lierfcctly complete, nor perfecjtly identical with the 
development of the parent. Indeed, on the other 
hand^ there is always a cei*taiu amount of variation, 
either progressive or retrogressive. Progressive varia¬ 
tion means that hi addition to the development of 
all the parental stages, sometliing new has been added. 
Retrogressive variation means that from the total 
development experienced by the parent, something has 
been omitted. We 'arc here speaking of characters 
of a species, and it must not be thought that we are 
refeniiig to the characters of the embryo as if they 
were derived fiom those of their parents. This was 
clearly pointed out in the earlier ix^rtion of our study. 
The variaiions in development, to which wo here refer, 
take their origin in the germ-plasm which tends to 
repeat in each gc‘n(‘ration similar tyix^s of development. 
In other words the germ-plasm from ^vhich individuals 
spring is of such a nature that the embryos arising 
from it show in their development a recapitulation of 
the evolution of their particular species. In addition 
they may show variations of cither a plus or a minus 
character. These variations are frequently inherited, 
and persist throughout succeeding generations. In 
course of time, if there arc many of such variations, 
they accumulate, and to that extent, of course, alter 
the life history. That is why in watching the develop- 
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ment of a human embryo it is impossible to trace 
accurately the early ancestral development of the race 
from it. It passes through the stage of a single ceU 
then becomes multicellular, and gradually assufUes 
the form of a higher and higher ty]X5 of organism. 
.“Manifestly the additions and subtra< lions have been 
vast. It possesses, for instance, a placenta,, an organ 
by which it is attached to tho mother, through which 
it is nourished, and A\liich at ono time is larger than 
the embryo itself; but which, of course, could not 
have but-ii present in its prototypes. Ncvertheleijs the 
life history unfolded by the child is just as real, just 
as complete, and probably moro accurate than any 
written chronicle that attempts to describe tho whole 
past of a race.” (Reid.) 

Thure is a history in all men’s livos 

Figuring the naturu of tho times docoased.” 

Hero we must conclude this brief sketch of some 
of tho principal facts in the science of Embryology, 
in tho hojK) that enough has been said to stimulate 
the interest of our readers in this subject to such 
on extcjnt that ihey^ may be encouraged to pursue 
its study' still further in one of the many text¬ 
books that are devoted entirely, or partly, to this 
matter. 

Wo would urge in conclusion that tho study is well 
worth while, even for Ibnso to whom it has a non¬ 
professional mterest. It should bo sufficiently obvious 
to any earnest thinker that tho problems w'hich are 
involved in tho study of embryology are precisely 
those w'hich aro ot the very greatest importance to 
humanity at large. With this subject is most inti- 
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mately bound up that of heredity itself, which has 
been dealt ^\dth ui another volume of thia series. No 
trijp undei’standing of what can be done, or what 
should bo done, in the direction of improving the lot 
of generations to come, or of making the most of tho 
generation at i)roaent c.\istcnt, can be obtained by any 
w ho are • absoluU'ly ignorant of tin so topics. It ia 
only by th('ir study that w^o realise tliat the human 
embryo, which is to become tho human individual, 
consists, to a very largo extent, of characters and 
featifres which are unalterably sett led for it before¬ 
hand, to which nothing can be added, and from which 
nothing can bo taken away. In other words, the possi¬ 
bilities for any individual are those which are pre- 
existont in tho germ-plasm from which ho or she 
originates. These i)(H',sibilitics, hoA\ever, depend upon 
the environment in wliich the embryo, infant child, 
and adult is subsc^^ucjitly placed for their full expan- 
.sion. In many diiections tho inlioritod tendencies 
transmitted by tho continuity of germ-plasm are un¬ 
alterably and strictly defined. In many other direc¬ 
tions those inherited tendencies can be so modified, 
drawn out, or even partially suppi’esscd, by suitable 
surroundings of a hygienic, educative, and moral nature, 
that if iho process be taken in hand sufliciently early 
w onderful successes may ro'-ult. The&o results are 
those for which the social loformer and the pliilan- 
thropist and the serious slude it of sociology are earnestly 
striving, but it is only by a study of the sciences of 
Heredity and Embryology that accurate data can be 
obtained from which juNtifiable conclusions may be 
di’awn. 

Tho great fact which embryology teaches is that the 
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past is unfolded stage by stage, with certain omissions 
and additions, so that in very truth— 

“ Tho softest dimple in a baby’s smile 
Sprint's from the whole of past otornity, 

Taxed all the sum of things to b.' It tliore.” 
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